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./

FUEL ECONOMY. MANAGE
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/
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. /
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reflecte official views or polici, of the Departmen of
Transportation. This publication does not eonstitute a
standard; specification or regulatiOnok,

.1-61.0

Additional copies of this handbook aie available fro :
/ _ Voluntary Truck and Bus Xue -Economy Progra

U. S. Department of Energy"
Washington, D.C. 20461
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PREFACE

This '!Encouraging.School Transportation Effective Energy

Management (ESTEEM)m.handbook offers a 'practical approach fo'r

pupil transportation energy management. It has been designed

to help school districts -save fuel in pupil transportation,

thereby increasing the'esteem in whi-.h the school district'

.transportation service is held byt ,commugity.

The fuel economy of a school bus.A.s.determined by the

energy that must bt provided'by its engine and-the efficiency

-with which this energy is proyidesj.... ESTEEM addresses the

areas of.Pupil transpOrtatioh where energy can be saved and

efficiency increased. The recommendations offered are based

upon fuel conservation practices that have demonstrated

energy savings while maintaining Optimuni _servicing. Fuel

conservation practices incli4e implementing good management

'practices to eliminate ,waste-fuel waste, energy ;waste, and

dollar waste. Fuel economy management is based upon a com-

bination of simple, but e'ffective management programs to
,

improve pupil transportation using proven economic, behavioral

scienCe, and technological tools.

The ESTEEM handbook provides detailed -informati-on abbut

fuel.saving strategies and offers step-by-stekguidance,for

taking actions. (It is designed to be, used withthe U.S.
4

DePartthent of TranSportation'S publication series entitled

"Fuel gconOmY Through Teamwork" available from thefepartment
\

of'TransNetation, VOluntaxy Truck end Bus Fuel Economy

Program, Washington, D. D..C., 20590.

ESTEEM: A GUIDE FOR SAVING FUEL AND DOLLARS IN PUPIL TRANSPORTATION_-



PREFACE

CONTINUED

The'information presented in ESTEEM is based upon.

energy saving programs implemented by school, districts,

government and industry research effort-s in fuel economy,

the eucc7ssful experiences of coMmercial.trucking fleets to

save fue , and fuel saving practices' that have. been implemented

by self° 1 dfstricts and commercial fleets to reduce waste.

Many school transportation operation's have saved very

rge amounts of fuel and dollars hy taking actions to improve

fu 1 -economy.' Reductions in school bus maintenance and fuel

cos 4o-6o Percent or greaten were -successfully achieved

at operations'in Willoughby-East Lake City, Ohio, Paradise.

Valley, Arizona, and a number of districts III the States of

California and Washington. The New Paltz Central School

District, Ney York has been able to reduce 'its traneportation,
.

budget by 31 percent in two years during a perdod.of

creasing costs for supplies and labor.

Commercial fleets such as Ryder TrUcklines haVe been
. .

A

able to reduce their fuel per mile consumption by n. percent.

Fuel economy prograMs at theW.R. Grade'Company have deMon-'

strated miles-per-gallon increase's ranging from -5 percent to
over 20 percent. Eastern Express, inc., McDonnell Douglas,

,Gateway. Transportation,-and Consolidated Freightways aria

among others that have increased the miles-per-gallon

squeezed out of each tank of fuel.

ESTEEM is designed to assist yOu. in re- examining your

.pupil transportation program to bring it upeto date to .meet

today's needs, -.The.number of extra miles that can be-

obtained from each gallon'of fuel is'dependent upon how
It.

serious your school district is in-improving ita\fnergy
posture..

I

VII
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A LISTING OF TERMS REFERENCED IN THE HANDBOOK.

BRITISH THERMAL UNIT (BTU) THE ENERGY REQUIRED TO RAISE THE
. TEMPERATURE OF 1 POUND OF WATER BY 1 DEGREE FAIVIENHEIT.

J

EFFICIENCY THE RATIO OF THE USEFUL POWER OUTPUT FROM A PROCESS
AS COMPARED TO THE INPUT POWER SUPPLIED;. THE EFFICIENCY OF-AN
ENGINE, FOR EXAMPLE, DEFINES THE PERCENT OF COMBUSTION HEAT WHICH
ENOS-UP AS MECHANICAL POWER.

ENERGY THE CAPACITY TO PERFORM WORK.

FOSSIL FUEL FUE). DERIVED FROM FOSSIL,FIEMAINS OF ORGANIC
MATERIALS GASOLINE AND FUEL OIL ARE FOSSIL FUELS.

FUEL ECONOMY ---THE RATIO OF VEHICLE MILES DRIVEN TO THE FUEL THAT
IS CONSUMED MI LES-PER-GA LLON4).

- e

HORSEPOWER --.A RATE OF PERFORMING.WORK; ONE HORSEPOWER (HP) CAN
MOVE MPOUND FORCE 1 FOOT IN 1 SECOND.

POWER THE RATE AT WHICH ENERGY ISGENERATED OR Li§ED..

WORK EFFORT OR FORCE EXERTED THROUGH A GIVEN DISTANCE.

\

TECHNICAL TERMS REFERENCED IN, CHAPTERS 5 AND 9

DRAG FORCES FORCES THAT RETARD VEHICLE MOTION .7

DRIVE TRAIN THE ENGINE, TRANSMISSION, PROPELLER SHAFTS, AXLES, AND ALL
OTHER PARTS ACTIVE IN TRANSMITTING POWER TO THE WHEELS.-

DRIVELINE LOSSES. LOSSES IN THE TRANSMISSION, PROPELLER SHAFTS, AND-DRIVE
AXLES.

ENGINE GOVERNOR 1 AN ENGINE SPEED LIMITING DEVICE THAT BEGINS REDUCING
POWER AT THE FULL THROTTLE.RPM SETTII'1G.

ENGINE LUGGING OPERATING THE ENGINE UNDER LOAD AT AN RPM LOW ENOUGH
. TO CAUSE UNSTABLE FUNCTIONING.

GOVERI.MG.#M .0DRAnum - FULL THROTTLE SETTING OF.THE ENGINE GIVERNOR OR THE RPM
AT WHICH THE GOVERNOR BEGINS TO REDU6SPOWER.

GRADEABI LITY THE MAXIMUM GRADE A VEHICLE CAN CLIMB AT A CONSTANT SPEED.

GROSSHORSEPOWER THE ENGINE HORSEPOWER AT THE FLYWHEEL WITHOUT
ACCESSORIES, FUNCTIONING. .

NET HORSEPOWE R THE.ENGINE HORSEPOWER AT THE FLYWHEEL WITH ALL
ACCESSORIES RUNNING AS INSTALLED IN THE VEHICLE.

RPM (REVOLUTIONS PER MINUTE) A MEASURE OF ENGINE SPEED.

I X
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INTRODUCTION

WHAT ENERGY MANAGEMENT AND FUEL ECONOMY
ARE ALL ABOUT

e.

0

THOSE WHO DO. NOT REMEMBER THE PAST
ARE CONDEMNED TO RELIVE IT.

GEORGE$ANTAYANA, PHILOSOPHER



PART I
INTRODUCTION

1.1 ESTEEM HANDBOOKUFiOSE

a Everyone talks abbu energy management, but .it

guidance has been given.t help.school distActs combat the

problems that have arisen due to spiraling fuel prices. The

Vciuntary TrUck and Bus Fuel EconomST Pfogram, recognizing the

need for energy info-rmation dissemination in the educational

community, has sgonsored this effort to hel -school districts

save fuel and dollars.

The lifeblood of the 'school transportation fleet, fuel,

ht risen in cost signi;j.santfy since-1973. No one knows

how much more fuel pricg.s--will increase. Each sehool.* .

district must face many' uncertainties With a very litited

budget.
.

Fuel economy tanagetent represents an alternative for

combating this crisis. The intent. of this handbook it to

provide an underst'anding of management-actions that can save

ie
fuel and cOntro upil transportati,onCosts.. The objective

is to help each school district become a part of our

national fuel economy management team.

YOUR
SCHOOL DISTRICT

FUEL
ECONOMY

PLAN



- PARri .

INTROOIJCT$ON

1.2 HANDBOOK DESIGN

The ESTEEM handbook is divided into.seven%(7). parts. In

the first, an introduction to the handbook is presented. The

'topics discussed in the following parts' include:"

. 'PART' II Reviewing the Need for a Fuel Economy
Program

07.
t

PART III.:'Understanding What contributes to Fuel
'Economy

PART IV 1 Developing .Your Solution to'the Energy
Crisis

PART V : Guidelines for Increasing Fuel Economy

PART VI : Conclusion

PART Vtll Reference Information

Part I Ogd Part II per 4.de insight into en rgy manage-

ment in pupil transpptation.'

Art III discus-6is the driving environment variables

that influence fuel economy. It provides a framework for

practidal mid sound recommendations to save fuel which are

offered in Part IV and PartT

Part IV presents Step-by-7step guidelines for.reducing
..,

f 1 e
,
in the school district. Actions that can be taken

1

to increase fuel economy in each area of the pupiltrans-

portation operation are discussed in Part. V. Id.

-.,.

Part VI offers helpful suggestions to implement fuel

economy managementhisis followed, by a liking of
Jt

.additional tips to save energy.

Sources tiat can be'called upon for further information.

and assistance are identifiedin Part VII. A bibliography

of references is also included in Part VII.

A SUMMARY OF ACTIONS
THAT SAVE FUEL AND
OPERATING COSTS IN

PUPIL TRANSPORTATION

p
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PART I sat-
INTRODUCTION

1.3 USING THE HANDBOOK

ZSTEEM offers insight into what cat\be,done to save

fuel. Each school-district must translate he recommenda-

(
r

ions offered into an action plan that spel s out when the

/school district's program will be peformed and what part

each individual will play in it. The ultimate objectOve of

ESTEEM is to help each school district bring its pupil
o transportation up to peak energy efficiency and to

maintain this effiCiecy through continuing management.

efforts. i

This handbook offers gu)dance in taking actions that

save fuel and dollars in many areas of pupil transportation.

All of the duel saving opportunities presented May not apply

to every pupil transportation operation. ,Some recommenda-
,

_ .

tions offered may also be an extension of programs currently

being imp4mented.
.

.

EveryAsChool district administrator and transportation

supervisor should read Parts II, III, and IV of the handbook

to obtain an understanding of what contributes to'fuel

economy, what can be done to-increase-pupil-miles-pfer-gallon,

and to recognize why even simple actions taken to' increase,.

fuel economy are important.

Part V should be consulted for ideas to save fuel in

the purchasing, plannitg, routing, scheduling, driving, and

maintenance areas of the pupil transportatioh operation.

ESTEEM is designed Go assist pupil transportation

administrators to identify fil,e1 saving opportunities and to
evaluate,*ctions that can increase the transportation fleet's
pupil-milesrper-zallon to combat rising tueloprices.

MAKE FUEL ECONCiMY MANAGEMENT -

A PART OF YOUR MANAGEMENT PROGRAM .

O 15



2.1 ENERGY MANAGEMENT: A SYNOPSIS

,re are two types of energy whictr"affect pupil

transportation. Each playsan._important rke_uge_trans-
portation of pupils. _

The first type of energy has been. aking\headii

since the 1973 oil embargo and everyone is aware of it -fuel

energy. This energy consists of the.fuel and oil that re

used to power a schoci4bus. It is obtained from precious

fossil fuel resources which are being used at an increasing
rate.-

Since theilt.973 energy crisis, many school transportatiOn

administrators have initiated efforts t the amount of

fuel required to. operate their flee s. dly escati
fuel prices and limited school budge r a strong in-

centive for reducing 'fuel use in- every' schooI-Ile.et4

4*
-A second type of energy is just as important--peol

energy--the awesome energy exhibited by administrators,

directors of pupil transportation, bus drivers, maintenance

personnel, and others, to commit to the making of an

effective pupil transportation operation.

The energy of individuals was around lrong before the

energy crisis; turthermore, there is a surplus of it in

every school district--a surplus that can be used to

implement actions to conserve fuel. This energy is

important and should be harvested. Energy management

consists of effective use of both types of energy.'

ENERGY HEATING VALUES
1 GALLON BTU'S 1 UNIT TRANSLATES INTO BTU'S
GASOLINE 125,000 CUBIC FOOT NATURAL GAS 1,031
KEROSENE 134,000 HORSEPOWER-HOUR 2,545
NO. 2 EL OIL 140,000 KILOWATT-HOUR 3,413
NO. UEL OIL 144,000 TON OF COAL 25,000,000

PART I
isiritooucnou



PART I
INTRODUCTION

2.2 ENERGY MANAGEMENT AND FUEL ECONOMY

Many differences exist in pupil transportation servicing

requirements; this is seen in the variations that occur in

administrative and operation policies and procedures, vehicle

fleet make-up, miles driven, and fuel consumed.. Viewing fuel

use from a national standpoint, the average school bus is

driven almost 7,000 miles each year and consumes nearly 950

gallons of fuel. It has a fuel'economy of 7.4 miles-per-

gallon (mpg). This is .ba.ed upon gasoline anddiesel models,

large and small buses, and includes all vehicles used by

schools in the transport of pupils., Some school buses get as

little- as .3 mpg; other fleets show fuel economies much higher

than the national average.

1

YEAR
OF

RECORD

19
974
70

1960
1950
1940

SCHOOL BUS TRAVEL AND FUEL. CONSUMPTION

1940-1974 PROFILE

AVERAGE
ANNUAL

MILES
TRAVELED

AVERAGE FUEL
CONSUMPTION

(GALLONS)

AVERAGE
MILES -P R-GALLON

6,867 933 7.4
7.,274. 1,039 7.o
7,556 1,066 7.1
7,75 748 10.4
.8,011 775' 10.3.

Source: U.S. Department of Trunsportation, Federal Highway
Administration, Highwat Statistics, 1976.

S INCREASED FUEL ECQNOMY
IS AN ACHIEVABLE GOAL .

. Increased fuel economy has to be an important goal in

every transportation operation. Efforts taken, to increase

your school bus fleet's fuel, economy are fully in line with

m agement's objectives to inci.ease operation efficiency and

hold costs down,

17



2:3 FUEL ECONOMY MANAGEMENT IN.PERSPECTIVE
. , A fuel economy management program consists of planned

actiOns to safely-transport the maximum number of pupils

using the minimum amount of fuel that is practical in doing

so.

Every fuel economy management program has four (4) basic

objectives:

1. Define areas of.fuel use inefficiency and
. waste, within the school district operation.

2. Make administrat'Ive and operation personnel,
staff, students, and the community aware of.
the potential for fuel- conservation,in the
school distribt.

3. Update the policies of the school district'
and programs of the -Aistrict's transpsrtation
operaeion'to meet self-determined energy
saving goals.

4. Effect corrective actions to increase the
district.'s

The.most important element of fuels economy management is.

teamwork--efforts of school administrators, the transporta-

tion department\staff, teachers; students, and the community

working as A single, .cohesive unit to save energy.

Each Director of. Pupil Tranaportition plays all important
.

role in guiding the team: The Director-is in a unique

position to offer advice and leadership to the school

district, based upon experience, which can result in fuel

an4 dollar savings. He can guide the 'implementation of a

.program to provide more efficient pupil servicing, better

utilization:of school vehicles, school district dollar

savings, and a reinforcdment of important relationships'

among pupils, school personnel, and parents.

PLAN, REVLON, AND EXECUTE
PROGRAMS THAT SAVE FUEL !

1 8 ,

FART!
INTRODUCTION

Or



PART 1.
INTRODUCTION,

2.3 FUEL ECONOMY MANAGEMENT IN PERSPECTIVE

The approach to fuel economy management considers tItat a
,

series of interrelated steps lead from a problem to its solution:

Step 1. Define the Pupil transportation problems
in the -sehool district. Review the current
situation and trend. Does ,the district's
transportation program lead to "cost pre-
vention" -- eliminating costs before they,
occur?

Step. 2. Get the facts. Without facts, it is hard
to determine whether there are problems
and what can be done to,solve them. Gather
fuel, equipment, and labor reports, vari-
&nee reports, and al other information
that is available to-review eacliPpxoblem
and its potential solution.

Step 3. Digest and examine the solutions to each
problem. Determine how each solution can
improve service and/or reduce pupil trans-
portation costs. Understand the alternatives
that are available -- base this understand-
ing on facts, not assumptions.

Step'4. Decide on the best zolution to each problem.
Evaluate each alternative. Identify its
benefits and. costs. Also determine any
potential problems that could occur if the
solzition were implemented.

Step 5. Take actions. Up tO'uthis step, all savings
are on paper. Sell the decision, take
actions to put the .decision ,into effect,
and follow up on it.

ESTEEM offers guidance in performing these steps.

REVIEW. .

EVALUATE_
ACT!



PART II

REVIEWING THE NEED FOR
A FUEL ECONOMY

MANAGEMENT PROGRAM

THE CHANCES OF SUCCESS OF A GIVEN

INVESTMENT DEPEND ON THE EFFICIENCY
WITH WHICH ALL THOSE WHO WORK
IN THE SAME FIRM COOPERATE WI
THE FACTOR IN QUESTION.

J. R. HICKS, ECONOMICA, 1935

-CI. 20



PART II

REVIEWING THE NEED FOR
A FUEL 'ECONOMY PROGRAM

pi MOMENTUMOF PUPIL IRANSPORTATION GROWTH

'The population( increases of the past Aedades, the in-
,

creased mobility of the American family combined with

emphasis on equal educational opportunity:for all, and in-

creas ed school distriat consolidation live r esulted in .

:creasing numbers of pupils who can no '.1onger' walk to school.
. -

-School buses were used td transport 51.5 percent of all

students in the primary and secondary schools of our nation

during the 1974-75 school year.

The National Center for Educational Statistics shows

that nearly 268,G00 school vehicles are used to transport 21

million pupils attending grades K,through 12\. The sizeable

increase .in the number of students requiring transportation

in each decade since'1980 is shown below.; this demand; has

placed additional' burdens upon many school distric'ts.

PUPIL TRANSPORTATION TRENDS:
1930 -°1975

PUPILS
TRANSPORTED

SCHOOL BUSES
IN OPERATION

SOURCE: SCHOOL BUS VEHICLE SAFETY (WORT.
a U. S: DEPARTMENT OF TRANSPORTATION,

WASHINGTON, D. C..1877.
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3,1 MOMENTUMOFPUPILTRANSPORTATIONGpOWTH

,During t'he' 1974 -75 school year, 63 percent .of all.

students transported had to be, driven disiances of over 3

miles to attend school.. The average pupil trip distances

PART
REVIEWING THE NEED FOR

A FUEL EbONOMY PROGRAM

are shown on the following page. As seen beloW, school buses

were used to transport the greatest peecentage of, all students'

between their home and school.

Over to-thirds of all students made the one-way trip

from their home to school in less than 20.minutes. As

students progress from elementary to senior grade levels, the

distance and travel time from home-to-sdhool increases.

Nearly 25 percent of,all elepentary grade students live dis-
t

tances of 3 miles ,or greater frpm,their schools of attendance.

Forty-seven (14T) percent of all--senio grade level students

must travel 3 miles or more to attend school.

STUDENT MODES OF TRANSPORTATION: -1974

SCHOOL BUS .--
(NO CHARGE)

49.3%

4.

CHARTER OR
SCHOOL BUS,
(CHARGE)

22%

PUBLIC
TRANSPORT.

(CHARGE)

1.9%

ION

VS

AUTOMOBILE
(PASSENGER)

11.2%

AUTOMOBILE

( DRIVER'
1.6%

WALK OR BICYCLE.
32.9%

NKN
PUBLIC MODE OF
RANSPOR TRAVEL
FREE) 075% 0.4%

SOURCES: NATIONWIDE PERSONAL TRANSPORTATION.
STUDY, TRANSPORTATION CHARACTERISTICS
OF SCHOOL CtULDREN, ' JULY, 1972; U. S.
NATIONAL CENTER FOR EDUCATIONAL
STATISTICS. STATISTICS OF STATE SCHOOL
SYSTEMS. 1976.

0 22
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PtPILMRANSPORTATION IN 1970

PAkT4t
REVIEWING THE NEED FOR

A FUEL ECONOMY PROGRAM

In-1970,.43.4 percent of all pupils din the nation were.
.transported by public or private school buses.

PUBLIC SCHOOL PUPILS TRANSPORTED:

(1.000 PUPILS)

AOURCE: U. S. NATIONAL CENTER FOR EDUCATIONA
FATISTICS, 1975-76.

(a) INCLUDES PRIVATE SCHOOL TRANSPORTATION

The national average cost!to transport each student was
$66.96.

AVERAGE TRANSPORTATION COST PER PUPIL: 1970

(NATIONAL AVERAGE: $66.96) v.

N/A
.34

.11

9.37
1.84

.68

.51
.29'

Duo,
vb."

N/A: INFORMATION NOT AVAILABLE

SOURCE: U. S. NATIONAL CENTER FOR EDUCATIONAL
STATISTICS, 1975-76.
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Four short 'years later-,---5-1.:5 percent of all the

nalion'si students had to be transported. at an average cost

vhich had risen to $87:04---an increase of30 ,yercent,

'Puttuc SCHOOL-PUPILS TRANSPORTED: 1974

(1,900 PUPILS1

1121121r 44 Pr
1$57 (a)

71

28.9

.4

41;911.86:r
5282

is-calir25.16403

(a) INCLUDES PRIVATEStHOOL TRANSPORTATION

AVERAGE TRANSPORTATION COST PER PUPIL: 1974

(NATIONAL AVERAGE: 387,04)

81:47

89.30
104.31

.60

119.60

98.88
84.92

SOURCE: U. S. NATIONAL CEN R FOB EDUCATIONAL
STATISTICS 19715-76.
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32 TRENDS IN PUPIL TRANSPORTATION COSTS'

'OTHER COSTS la SALARIES
A16013ENEFITS

40%

FUEL AND OIL 20%

SUPPLIES & MAINTENANCE 17%

VEHICLE REPLACEMENT 6%

INSURANCE 1 %.-

A COMPARISON OF FUEL COSTS TO OTHER.
PUPIL TRANSPORTATION EXPENSES'',

SOURCE: MATICINAI C.EKTFR STAY= WIL11172-74 STATISTICSi

In 1974the national average cost per school bus mile

driven in the U.S. was 72¢. The average cost varied between

$0.41 and $1.63 per school bus mile in individual states__

Salaries and benefits represented a major portion of,

this cost .in many states- as seen in the table on the follow-
,ing page. On.the average, salaries and benefits account for

40 percent of pupil servicing costs; although-in'some ,ptates

this cost represented only 5-6 percent of the total pupil

transportation expenditure--again indicating the wide varia-

tions that exist in pupil transportation servicing.

The cost of fuel and oil in school bus.operation alio

accounts fora significan portion of the total transports:-

tion expenditure. The sly rage distYibution'Of pupil

transportation costs during the 1974 school year is shown

above.

o '
COST DATA FROM STATES OF ARIZONA, CALIFORNIA, FLORIDA, MISSOURI,

PENNSYLVANIA, AND WASHINGTON USED AS BASIS TO SEPARATE'
FUEL, OIL. SUPPLIES, AND MAINTENANCE COSTS FROM NATIONAL STATISTICAL DATA.
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TRENDS IN PUPIL TRANSPORTATION COSTS

TRANSPORTATION EXPENDITURES
PUBLIC SCHOOLS: 1974

TRANSPORTATION ELEMENT COST

TRANSPORTATION EXPRESSED AS A PERCENT OF

COST AS A '- 'TOTAL PUPIL 'TRANSPORTATION DOLLARS

PERCENT OF TOTAL SALARIES FUEL &

EDUCATIONAL AND VEHICLE SUPPLIES

EXPENDITURES BENEFITS REPLACEMENT (a)

U.S. Aver4e 1.7
Alabama 3:2
Alaska' 4.6
Arizona 2.3
Arkansas 4.7
California 2.0
Coloi-ado . 3.2-
Connecticut 3.9
Delaware 4.7
Florida 3.0
Georgia-. 4.2
Eavai i; 1.8
Idaho. 4.4
Illinois 3.3
Indiana 4..5

Iowa . 4.5
Kansas _

Kentucky. 5.1
Louisiana 5.8'
Maine - 5.9
Maryland . 4.'2

Massachusetts 14.2
Michigan 3.4
Minneeota 5.2-
Missi,sslpid. .. 5,0,

,..

.-

Mitsouri 4.7
...

40.'0 6.0
N/A N/A s

N/A N/A
60.6 N/
43..0 , 13.9
52.6 , N/A
53.3 14.6
5.$' o.9
9:4 2.3:

511'..0
N/A
'N/A
.N/A

43.1
N/A
32.1
93.7
88.3

58.8 .. 8.0 33.2
55.5 15.5 29.0
N/A:* N/A N/A
39.0
26..4
314.0

N/A.

46. >.

85,
31..372t:
32.1 7

. .6.8
. 52,.2

26'.9
47 .'8".

32.9

2.0' 59.0
. 5.8 .67.8
''6.7 59%3
'N/A . N/b.;

..0. 56.3.-
14..7 PP, 39.2

3.7 .10.5.
13.2. 55.5.

2.,.9, 65: 0

0:4 92.8_
15.0 32.8
8.4 .61.7 .

: 15.8 36.4.
9:9' 57i2

(a) INCLUDES FUEL, MAINTENANCE, INSURANCE, FARES,
CONTRACT SERVICES, AND PAYMENTS..

N /A: INFORMATION NOT. AVAILABLE 't 0.

SOURCE: NATIONAL CENTER FOR EDUCATIONAL'
STATISTICS DEPARTMENT OF HEALTH,
EDUCATION AND WELFARE, 1976. .

C. 0

SAVINGIS NOT
' SPENDING SO MUCH
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TRANSPORTATION EXPENDITURES .
, . PUBLIC SCHOOLS: 1974

: TRANSPORTATION ELEMENT COST
EXPRESSED AS A PERCENT OF

TOTAL PUPIL TRANSPORTATION DOLLARSSTATE
TRANSPORTATION

AS
PERCENT OF TOTAL

EDUCATIONAL
EXPENDITURES

Montana. 10
Nebraska 3.1
Nevada 3.3
New Bmphire 4.9
New'Jersey 3.5
New Mexico 44 :
New York 4.8 :

North Carolina 3.3
North Dakota 7.1
Ohib 2.9
Oklahopa 4.0
Oregon 3.7
Pennsylvania -{ 3.7,.
Rhode Island .

South Carolina *
3.3

South Dakota 5.3 .

Tennessee 4.1
Texas , .1.9
Utah 2.6 '
Vermont 4.9
Virginia 4:2 s

Washington , 4.0
Washington, D.C. 3.3
West Virginia_ -6:4--
Wisconsin 4.5
Wyoming 4.4

,

SALARIES RJELSI
A AND VEHICLE. SUPPLIES
BENEFITS REPLACEMENT . 10 ;
N/A N/A N/

39.0 21.0 . 40.0
62.6 8.6 28.8
8.8 1.7 89.5

26-.5 5.4 68'3.
.. 4.9 1.9 z 93
22.7 2.3 75.0
54.7 19.2 26.1
27.1 14.0 58.9

- .64.0 N/A. NIA
40:0 2.1.0 39.0
38. 10.3 51.1
19.8 2.8 77.4
18:9 N/A / N/A

'452,8 19.7 27.5
25.1 6.7 68...2

41.3 4.6 54.1
55.1 N/A N/A

'53.8 10.1 36.1
25.2 -8.1 66.7.
52.0 -14.4 336
56.2 6:8 37.0
26..5 1.6 71.9
64.' 11.4 24.3
12.4 4.7 82.9
3§.8 N/A N/A

I.) INCLUDES FUEL, MAINTENANCE, INSURANCE, FARES.
CONTRACT SERVICES, AND PAYMENTS.

NIA: INFORMATION NOT AVAILABLE

SOURCE: NATIONAL COSTER FOR EDUCATIONAL
frATJIMCS, DEPARTMENT OF HEALTH,
EDUCATION AND WELFARE, 197(0...

.

I.

PURCHASE WISELY.
PURCHASE FOR FUEL ECONOMY!.

c5
0 ,0
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3.2 TRENDS IN PUPIL TRANSPORTATION COSTS

A wide variation exists in the 'costs to transport

pupils.:-The average state pupil transportation cost varied

between $43.47 and $210.05 per pupil during

A typical distribution of pupil transportation costs for'

school bus fleets-of varying size is shown ielow. he costs

in each fleet are Appendent upon many .factors--maintenance

programs, Vehicle utilizatiOn, schedilling-rauting, and

driver skills--in operations that must service communities

having many differences in the cheracteristics that influence

tlie overall cost of transportation.

PUPIL TRANSPORTATION COSTS PROFILE

TYPICAL DISTRIBUTION OF SAMPLE FLEETS

VARYING SIZED SCHOOL BUS FLEETS

IN 11 STATES

. AVERAGE NUMBER OF BUSES IN SCHOOL DISTRICT FLEET

2 4 6 10 15 20 38 46

SOURCE: BRI SYSTEMS, INC. BASED UPON SURVEY DATA
OF SCHOOL BUS OPERATIONS IN ELEVEN STATES.
(REFER TO BIBLIOGRAPHY)

100

18 29

1974
TIONAC

VERAGE
$87.04
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4.1 COSTS ARE A POWERFUL INCENTIVE FOR SAVING FUEL

Sptraling pupil transportation costs provide a great,

incentive for saaring.fuel in an era of very limited school

budgets.

The following graph shows the actual and normalized

national'average costs for providing pupil transportation

since 1925. Actual costs haVe .ntinually increased since

1935; they have spiralled ce 1970.

COST TRENDS IN PUPIL SPORTATION: 1925-1975

YEAR 1925 1930 1936 1940 1945 1960 1956 1960 1965 1970 1975
CONSUMER 0.611 0.590 0.478 0.480 0.627 0.800 0.933 1.031 1.099 1.277 1.796PRICE INDEX

SOURCE: SCHOOL BUS VEHICLE SAFETY REPORT, U. S.
DEPARTMENT OF TRANSPORTATION, WASHINGTON,
D. C., PAGE II- 2,1977:
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4.2 A FRAMEWORK FOR INCREASING FUEL ECONOMY

One specific set of. rules foreaving fuel is not appli-

cable for every school district. Each school 'transportation

fleet has its unique servicing characteristics and individual

pet of proble1s. On the other hand, common guidelines exist

for increasing efficiency in all school districts.

The following pages present administrative measures that

can increase fuel savings. Each transportation director

should evaluate .them. In many cases, the guidelines may

represent, an extension of programs and practice-s that are

currently in use.

Taking the time and effort that are necessary to review -

fuel saving practices and transportation policies is an4m-

portant first stek,in.addressing energy management in the

schopl'district.

USE VEHICLES OFFERING
HIGH MPG CONSISTENT
WITH TRANSPORTATION
SERVICING OBJECTIVES

I
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4.2 A FRAMEWORK FOR INCREASING FUEL ECONOMY

Five types of measures can be taken to save fuel.

First, improvements in transportation ,system efficiency
can be made. Take' actions that increase vehicle occupancy
and reduce vebicle miles-Of-travel. Tips for this are.pre-4
sented'on the following pages.

Second, place emphasis upon reducing vehicle fuel ceg-
sumption. Purchase vehicles.that offer more miles-per-gallon.

Re-educate drivers to drive for maximum fueleconomy. Review
the important factors discussed in Chapter 5; make ttre the
driving staff is aware of their impact on fuel consumpttion.

Third, take advantage of opportunities to match equip-
ment to servicing, needs: This is .discussed in Chapter 5,

Part III and Chapter 9, Part V.

Fourth, more miles-per-gallon can be obtained and main-
."tained by placing even greater emphasis upon the district's

preventive maintenance program. Initiate policies that can
increase the fleet's fael economy; use modern,equipment*to

help the staff save fuel. Chapter 9, Part V offers tips for
saving fuel in planning, driving, and maintenance; it also
discusaes the role of purchasing for greater fuel economy.

Finally, keep yotr-pupil-miles-per-gallon high by

k

takit the time and effort to increase personnel skills. Con-
duct wlrkshops and,training programs. Make sure tie staff.
is trained and motivated to save fuel. This is discussed
in- Chapter 9 (9.1), Part, V.

,Te

THE STAFF HAS A HIGH POTENTIAL
FOR OBTAINING MOVIE PUPIL-MILES-PElt-GALLON.

CREATE AN ATMOSPHERE OF KEEN

. MANAGEMENT AWARENESS

AND EXPECT THIS GOAL TO BE ACHIEVED(



PART II
REVIEWING THE NEED FOR

A FUEL ECONIOMY PROGRAM

SCRUTINIZING PUPIL TRANSPORTATION AT THE TOP

Transportation planning _is performed within the fraim

wort of school administrative policies; these Policies specify

the criteria that should be met in pupil transportation. Use

performarice data as a basis for decision-making in updating

your district 's program to meet today' s needs.

Identify, -review, and evaluate the opportunities that

exist to save fuel through policy change's-=changes that can

increase the effectiveness of the ncliool transportation

operation and save valuable dollars. Use the checklist on

the following pages as 'a starting point . It offers tips that

lead, to fuel savings.

FLEET PERFORMANCE DATA
OFFER'A BASIS. FOR. DECISION-MAKING

LABOR
AND

EQUIPMENT

TRANSPORTATION
SERVKING

REQUIREMENTS,

FUEL SAVING.
GOALS

` ROUTING.
AND

SCHEDULING

COLLECT
FLEET

PERFORMANCE
DATA

USE
PERFORMANCE

DATA IN
DECISION
MAKING

PERFORMANCE
CRITERIA

PURCHASED
EQUIPMENT

PERFORMANCE
HISTORY

FLEET
OPERATION

PREVENTIVE
MAINTENANCE

AND
EMERGENCY

REPAIRS
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4.3 SCRUTINIZING PUPIL TRANSPORTATION AT THE TOP

CHECKLIST OF ACTIONS THAT CAN BE TAKEN
TO INCREASE FUEL ECONOMY

gg Analyze school distriot polieies to see if they may

actually condone transportation servicing inefficiency;

identify areas that could result in fuel savings.

Begin a program to collectand record data on school bus

fleet operation; use this data to evaluate opportunities

for increasing fuel economy.

Coordinate .reviews Of school calendars and start-dis-
..

missal times; identify opportunities for increasing

fleet-servicing efficiency.

Develop recommendations to minimize unnecessary travel.

gDEncOurage personnel to present ideas t at can save fuel.

Foster an information exchange between our staff and
other school districts; take-advantage of what others

have done to save fuel.

ci] Get people.involved; commitment and cooperation are im-

portant in saving fuel. Harvest,the available "people

PART If
REVIEWING THE NEED FOR

A FUEL ECONOMY PROGRAM

fl

El

D

O

El

energy" in Your school district.

Hold workshops to solicit and share ideas, to save fue'.

Increase the distance between student pick-up and drop-

off points when febaiible and safe to do so.

Jusitfy and're-evaluate'i-aliinistrative solutions that have
been developed to meet transportation needs in the past.

See if they can be improved.

Know why pupil transportation costs are increasing; look

into the areas of cost increase and evaluate programs to

reduce the cost of'operation.
.

Limit co-curriculum trips in the district to full bus

loads only; place restrictions on unnecessary trips.

Measure fleet performance and fuel use.

Notify the community of fuel conservation programs that

are a'Etractive; meet with the PTA to review and discuss
cc,

opportunities to save fuel and dollars.

O
34
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4.3 SCRUTINIZING PUPILF.TRANSPORTATION AT THE TOP

0

U

Q

[a

CHECKLIST (CONTINUED)

,Obtain outside assistance when necessary to 'review

operation changesi get an. objective veiwpoint and take

advantage .of practices used by other districts:

Provide incentives:for saving fuel in` the school-

distriCt.

Question route planning prpcedures; just because they

worked:in the past does not necessarily mean they' will

be of value in .tp.e future.

Review the district's pnrchasing procedures; make sure

'conslderation-.is:given.to.equipment that. saves

Share equipment with-neighboring districts for school

events when possible to reduce bus use.

0 lake the time and effort necessary to educate, stimulate,

andmbtivatedistrict personnel to save fuel'.

Use public mass transit for older students when is

feasible to do so.

Verify management practices that are implemented to save

fuel; make sure they are being followed.

50 Weigh the total value of current p;ograms; for example,

can'Aecial education classes be'consolidated in a way

that would increase education benefits andreduce pupil,

traV.el.

X-ray vision- is far better than hindsight; promote staff

awareness of fuel saving methods.

EDYardsticks are important; establish guidelines for

vehicle purchase, use, and trip distances.

feio-in on those areas where-fuel can be saved. Take

the necessary time and effort to achieve results.
.

CHANGE YOUR POLICIES TO MEET TODAY'S NEEDS
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UNDERSTANDING WHATCONTRIBUTES

TO FUEL ECONOMY

PAIN MAKES MAN THINK..

THOUGHT MAKES MAN WISE.
WISDOM MAKES LIFE ENDURABLE. .

JOHN PATRICK



FART III
UNDERSTANDING WHAT CONTRIBUTES

TO FUEL ECONOMY

Si SAVING FUEL IS A MANAGEMENT SCIENCE

Greater fuel economy. is- not obtained on the basis\cuf

hundhes; it is achieved by becoming knowledgeable of and

practicing techniques that ,reduce 'energy consumption. Using

such techniques offers each school -district a sound and

practical.framework.,for improving fleet performance.

The-type of school bus pVrchased along with how well it

is maintained, 'where it is driven, and how it is driven

affects the -fuel ecbnomy that can be obtained. This 'chapter

briefly discusses the important factors 'that affect fuel

economy. Review them and evaluate the opportunities .to in-

crease fuel economy through improved purchasing, routing,

planning; driVingo and maintenance actions.

Chapter 5 examines the variables the .affect the .

fuel. economy of every school bus in the fleet. One must

first have an understdndiig ot why the district's school

buses may not be getting as many miles.-per-gallOn 'as the

Vehicles .of_other districts., ,Ghapters spedify what your:

district can do about increasing fuel economy. the

district can,do it-is discussed in Chapter- 9. 1

Management,' is an important part of the 'effort taken to

increase fuel economy. The reasons for this are presented

on the. following page. AT discussion 'of fuel; wasting practices

that can be corrected, through pUrchasing and driving, actions'

follows. Planning actions that saVe fuel are then presented.-

This is followed by a summary of steps to take to start'

saving fuel in school bus operation.

CONSULT THIS CHAPTER TO SEE
WHAT WECTS FUEL ECONOMY.
REFER TIUHAPTERS 6-9 FOR TIPS
IN INCREASING FUEL ECONOMY.
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5.1 SAVING FUEL IS A MANAGEMENT SCIENCE .

Fuel economy management offers each school district an

alternative for combating higher fuel prices. The management

principles are unique in that 'they employ the best of

both, Management-by-Objectives and.Management-by-Exception"

principles.

In fuel economy Management-by-Objectives, specific and

measurable objectives are established for each operating unit

in the transportation department- The objectives are closely

related to the long-range fuel saving goals
N of'the school

district. .The district route planner; maintenance department,

drivers, and all other operating units work toward meeting.

`specific fuel saving objectives approved by the district.'

Fuel economy Management-by-Exception is concerned with

measuring the, fuel economy performance of each vehicle in the
fleets. Its purpose is to identify exceptions which will permit

transportation dePartment managementto take immediate actions

when problems arise.

tour district's program shouldvbe based ul3on scien-

tific and economic factorS:\know how fuel can he saved an the
dollar benefits that will be obtained ia the school district

in meeting the district's fuel saving goals aild objectives.
r.

Apply the principles of these proven management techniques in

your program to save fuel. Use sound principles to manage

your program7moderneqUipment to monitor vehicle performance,

and:take edvantage of:available technology td plan and control

your fleet's fuel use.

Every area.in the transportation-dperation should con-'

tribute to meeting the school district's fuel saving goals.

Manegement-by=Objectives:proirides a framel.toric for planning,

controlling, and measuring the results of programs initiated.

to Obtain fuel and dollar savings. The retorting of fleet

-performance data provides a follow -up mechanism for signzling....:

where problems are occurring and.tilling'aCti'ons.
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52 FACTORS THAT AFFECT VEHIpLE.FUEL ECONOMY

HORSEPOWER AND FUEL ECONOMY

-=An understanding of school bus fuel economy performance

is based uppn., dlitaifni4, insight into the application of some

fundamental principles which are concerned with determining

the ability of the bus to perform useful work in an efficient.

manner. Horsepower is the rate at which the school bus per-
forms the work.. It represents a measurpent basis for rating

the performance of a school bus and inditcotat the amount of

work that is pne over a given time period. Horsepowei. is e.

measure, of tlie.likaximum power that is available from the,
engine. .The.11dtsepowerthat is delivered to the clutch or

i.
its equivalent with,lall.-a:ccessories ftinctioning is referred

to as R. vehicle's net horsepower.

Horsepower and fuel' consumption are ;elated.

horsepower needed by a school bus to overcome all forms of

resistance takes fherl.: The total horsepower needed to power.,

;'tae -school bus can bei,described as shown below, ignoring

'40itional power delondt for accessories, to overcome engine

.'internal friction, weather, altitude effects, and :poor roW'
...

shrface conditions. In sizng your school bus and its engine,
.e.:

at: minimum, give consideration to the three important factors
. .

.

-;,shown.
zty

ff* -

FACTORS THAT INFLUENCE*UEL 0.0NOMY

TOTAL FQWER POWER TO
TO OPERATE OVERCOME

THE SCHOOL BUS AIR RESISTANCE

POWER TO POWER TO
+ OVERCOME + CLIMB

ROLLING RESISTANCE GRADES

REVIEW YOUR VEHICLE'S POWER NEEDS.
DON'T OVER PURCHASE! EXTRA POWER

TRANSL4TES INTO FUEL WASTE.

.
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52 FACTORS THAT AFFECT VEHJCLE.FLiE!. ECONOMY

AIR RESISTANCE AID FUEL` :ECONOMY

As ahown below,, doubling a'vehicle's4eed increases the
. .

number pounds- o,f, force -wh.ich ai,r exerts against it by

a 'factor of eight NorsePower 1:?e in:Cr-esed by this

factor of eight- to oirercOtie the resi'stan'ce effects. The.

doubling of' a. vehicle's sPeedresulia.ii;'e.bOut a 17 percept,

cilEir'eater penalty in fuel econoiny(1) also results in the.,
-.-

. . .

consumption of additiOnal oil( 2) .

.140

120

7 100

gW.
ad{ X -80u 5.
0 60

RELATIONSHIP AMONG SPEED,
HORSEPOWER TO OVERCOME AIR RESISTANCE,:

AND VEHICLE FRONTAL AREA

-
L,t's.-

r.- 3:, . ,... .

. b. AIR Ft !STANCE INCREASESBY A
osr OW F 8 AS SCHOOL BUS

:-....--

6 DOUBLES.

THE SPEED WHICH THE BUS IS DRIVEN .

DETERMIN OW MUCH AIR RESISTANCE -

WILL BE .ENCOU TERED. LESS AIFLFqSISTANC'E
. TRANSUkTES INTO LESS HpBeEPOWER

DEMANDS AND LESS F1.1E6
. r

30 . 404
VEHICLE -

SPEED (MPH)

SOURCE: GENERAL MOTORS-CORPORATION,
TRUCK SELECTION. JAN, 1977.

4.

- TO REDUCE AIR RESISTANCE-;,,
PURCHASE A SMALLER BUS* DRIVE SLOWER 1.

(1 S Department -.of 'Trie,' sport,,atio.n, The Effect Of Sneed,
ober., 1973.

(2) ocietx. of,. gineers 'Inc; , Role Of Engine Oil'-
V 1966:

'
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52 FACTORS THAT AFFECTNEHICO, FUEL ECONOMY

AIR .RESISTANCE AND.FUELONOMX-

Str'eamlined sch'pol buses th0 have r pded front and

rear corners instead of being. constructed it a squared-off

box-shape'manner reduce resistance cOnsiderably. Tests

have shown that streamlitika.iehicle ::designs can result in up

to 'a 54 percent reduttion in Aerodynamic drag at higher

speeds(3).

The horsepower needed, to overcame air resistance demands
.

is dependent upon the frontal area of .the school bus, its

speed, and the vehicle's drag coefficient; it can be approxi-
,

mately calculated by. the relationshoip:

2

VEHICLE VEHICLE VEHICLE VEHICLE

HORSEPOWER TO OVERCOME CROSSSECTIONALf AIR ROAD [ DRAG

AIR RESISTANCE1
)

FRONTAL ARtA
(FT2)!

SPEED x SPEED X C QEFF ICI Et&
(MPH) (MPH)

..

....' ,
. %,,dit .. ' ' ...' '. ,- .

High-speed driving increases the horsepower 'demands.,OP
.

375

:the:s o us. The eehol b Thngine of a vehicle having a frontal-.

area of 60 square-feet his to generate less than -one-horse-

power to overcome Air resistance effects at a spepd of.10
.

miles-.per-hour ...g1 The.,:aaliegbngtne'.Must produce approximately

An additional 10.o0OhO werió7ov

at a speed of 30 miles-per-hour

come air resistance effects

ost 4.0 horsepower to

overcome tbe -airresistance when the vehicle,increases its

speed :'to 50 miles-per-hour in the same driving environment.

Purchase the smallest school/bus that'will meet the

district's needs. Make sure that bus drivers are motivated

to drive it at row-to-moderate speeds. These Practices re-

duce air resistance and save fuel,

(3))NASA Flight Research Center, Drag Reductions Obtained Byr.'
Modifying A Box - Shaped `Ground VeAtcle, October,. 9,34..'

(4)Examp1e of drag coefficient is 0.002; vehicle.aii::.Sfeed
equals vehicle road speed.plus (or,minus) tailwind (or

headwind) .

-;
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5.2 FACTORS THAT-AFFECT VEHICLE FUEL ECONOMY

ROLLING RESISTANCE AND FUEL ECONOMY

A tire's resistance to rolling is another factor that in-

fluence fuel economy. As a tire rolls, it flexes. This

results in heat build up or rolling resistance._ It forces

the engine to work harder to overcome the.fleximg of tires-And.w:,

.:any irregularities present ,in the road surface.

The school bus must overcome greater rolling ;resistance.

when it-is driven on an asphalt surface as compared to a.poncrete'

surface. The vehicle's rolling resistance further increases

'whet it j,s driven on snow, gravel, or dirt surfaces.:.;)A

patched up asphalt road or a gravel or dirt road will signi-

ficantly
)

reduce a_vehicle's fuel economy. A road covered
,

:s with snow can reduce a vehicle's fuel economy by as much as
,

':''. 1/4 ..

.%
..-.

1 mi1e-per7gaiIo'n(5). The following table shows typical

fuel'economy penalties that can arise from driving over such

roads.
._..,..

t_
ROAD CONDIATiON,.EF-FfC.TS ON FUEL ECONOMY

ESTIMATED .

ROAD CONDITION , MPG.LOSS

Patched Asphalt 15%
Gravel -35%
Dry Sand 45%

Source: Environmental Protection Agency,
Factors Affecting Automotive Fuel
Economy, 1976.'..

.4.

(5)U.8. Department of Ti-ansportation','Effect Of Variation Of
Speed Limits On'Intercity Bus Fuel Consumption...And
Corporate. Profitability, November, 1975.

I.

P.

C.
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41-i"
ROLLING RESISTANCE

52 FACTORS THAT AFFECT VEHICLE FUEL ECONOMY

ROLLING RESISTANCE AND FUEL'ECONOMY

Vehicle weight and speed affects fuel economy. The

additional horsepower needed to overcome rolling resistance

forces is shown for three vehicles at varying speeds. The

horsepower that must be produced by the engine to overcome

rolling resistance may be computed as follows:

CALCULATING ROLLING RESISTANCE

VEHICLE
SPEED X

VEHICLE
GROSS x 6.75 + 0.074 X SPEED i

i
(VEHICLE\

HORSEPOWER (MPH) WEIGHT (MPH) i
TO OVERCOME = (LBS.)

375,000

Purchase the smallest bus that will meet the district's

needs; purchase radial tires to reduce rolling resistance.

Drive the vehicle at moderate speeds. These practices reduce

rolling resistance and save fuel.

70

60

50

10

0

RELATIONSHIP BETWEEN SPEED,
HORSEPOWER TO OVERCOME ROLLING

RESISTANCE, AND GROSS VEHICLE WEIGHT

AGAIN, THE SMALLER BUS SAVES FUEL.

"SPEC" THE BUS TO MEET POWER NEEDS.

PURCHASE A SMALLER AND LIGHTER BUS

TO REDUCE. ROLLING RESISTANCElioN".

O

o,,so
GQi

1 1

10 20 _ 30
VEHICLE

SPEED (MPH)

50

SOURCE: GENERAL MOTORS CORPORATION,
TRUCK SELECTION, JAN, 1977.

60
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52 FACTORSTHATAFFECTVEHICLE FUEL ECONOMY (

'INFLUENCE OF GRADES AND HILLS ON FUEL ECONOMY: GRADEABILITY

Department of TranspoPtation studieS have shown that at

50 miles'-per-hour, a bus weighing 36,000 lbs. will increase

its fuel consumption by 29 percent driving up a continuous 1

percent grade(6). Hills create more of a'fuel economy penalty

at lower speeds than at high speeds. The performance of a

school bus in climbing hills or its gradeability factor-can

be estimated by the following formula:

VEHICLE VEHICLE
HORSEPOWER SPEED x GRADE x GROSS WEIGHT
TO OVERCOME - (MPH) (%) (LB.)

GRADE EFFECTS

37.500- 4

The following figure shows an example of the horsepower

that is required for three vehicles to overcome grade

resistance effects.

so

50

40

30

20

10

0 10 20
I 30 40

VEHICLE
SPEED (MPH)

50

SOURCE: DEPARTMENT OF TRANSPORTATION;
REFER TO FOOTNOTE NUMBER 6 BELOW.

so 70

(6)U.S. Department of Transportation, Effect Of Variation Of
Speed Limits On Intercity Bus Fuel' Consumption...,
Profitabilitz, NTIS No. PH-247-761.

0
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TO FUEL ECONOMY

5.2 FACTORS THAT AFFECT VEHICLE FUEL ECONOMY
ALTITUDE

The loss of over due to altitude changes for naturally

aspiratedengine is approximately 3 percent for every 1,000

feet of altitude increase(7).

POWER LOSSES

Other resistance demands which the engine must overcome

include the power to drive accessories, transmission-power

train losses, axle losses, and internal resistance engine

losses. Engine efficiency factors are discussed-on the

following pages. Further information about these factors is

offered in Chapter 9 of the handbook; they must be given

consideration in vehicle purchasing.

WEATHER EFFECTS

Cold weather lowers a vehicle's gas mileage since it

reciUires longer time periods for the engine to *arm up.

Lubricants do not flow easily when the temperature is low.

Once the moving parts warm up, fuel economy will still suffer

because Of cold air entering the engine. Environmental

Protection Agency' studies have shown that at a temperature

of 20°F, fuel economy Can be'reduced by 411.11 percent or greater,

as compared to operating the bus at temperatures of 40-500F.

Winds also have an effect upon gas. mileage. An ld mile-

.per-hour headwind can reduce a vehicle's miles-per-gallon by

es much as 17-20 percent.

ONE CANNOT INFLUENCE THE WEATHER,
BUT ONE CAN INFLUENCE

THE AMOUNT OF POWER LOSSES !

(7)Fitch, J.W., Motor Truck Engineering Handbook, .14. Fitch,
Publishers, San Francisco, Cal., 1972:

/
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52 FACTORS THAT AFFECT VEHICLE FUEL ECONOMY
DRIVING HABITS

How a school bus is driven and where it is driven affect

its fuel econo y. Unnecessary braking is a fuel waster. This

practice results in a large consumption of fuel because in-
eitia oust be mad up to accelerate the school bus back to
its cruising speed.

Changes in the inertia of a vehicle shOuld be gradual to
maximize fuel economy. Driving at a constant lower cruising

speed-, ,gradually accelerating, using the brakes-sparingly,
passing and merging in traffic smoothly--these habis.result
in less horsepower demand on the engine and more milet=per
gallon for the school bus.

Idling an engine also wastes fuel. If the bus:is going

to be stationary fOr more than one mfmite, fuelWill,be saved

by shutting j.-off :and' estarting.i_ rather;th4n-all-oWing it
!-:

to idle. Under,id1i4 4g nditiOn.0'; as4oline..engiae-,par. use
. _ .

almiV'st 1 gallon per hoUr atcfla-dieseldngime.ab'out
.. - -- .

one-half .

; A

1A

12

1.0

0.8

0.6

0.4

0.2

0.0

ENGINE IDLING WASTES FUEL

A

GASOLINE ENGINES

FUEL

CONSUMPTION.

RANGE

FUEL 'DIESEL ENGINES

CONSUMPTION

RANGE

V 4

SOURCE:
Environmental
Protection Mello/



PART III

UNDERSTANDING WHAT CONTRIBUTES
TO FUEL ECONOMY

52 FACTORS THAT AFFECT VEHICLE FUEL ECONOMY

MAINTENANCE AND FUEL ECONOMY

Maintenance nepresents an Area for .significantly im-
.

proving fuel dconomy. Simple actions can improve fuel economy.-

from 5 to 10 percent. A spark plug in a gasolfhe-powered

engine offers a typical example of such s- avings. One plug

misfiring in a V-8 engine half the time at 55 mph will reduce

gas mileage by 7 percent. Two plugs, misfiring can result in

a 20 percent fuel economy penalty(8). Making. sure that the

vehicle's tires have the proper inflation pressure is another

''simple -but important action that can increase "fuel economy;

A preventive maintenance program that places- emphasis, on

keeping the vehicle fleet operating at its potential peak

Y.

efficiency will pay for itself in fuel, parts, and labor

savings.

A SUMMARY OF FUEL SAVING. STRATEGIES

Every school-district can save fuel and dollars by pur-

chasing equipment that will do the job most efficiently,

planning routes to minimize fuel economy penalties, training

and motivating drivers to drive for fuel ,economy, and pro-

viding° a'maintenance program that will keep the fleet in top

notch mechanical condition. Chapter 9, Part V of this hand-.

book offers guidance in, developing. fuel saving strategies to

purchase for fuel economy, plan.fOr fuel economy, drive for

fuel economy, and to Maintain for fuel economy. There are

no compromises. Increased fuel economy is only achievable if

the time and,-effort are devoted to obtain it.

SOUND JUDGEMENT IS BASED dN EXPERIENCE.
TAKE ADVANTAGE OF WHAT OTHERS

ARE DOING TO SAVE FUEL AND REDUCE-COSTS.

(8)Based on Environmental Protectioli -AgencY tests and others
documetted by Douglas Aircraft Company, Vehicular Energy
Conservation Program, March, 1975

4 7



5.3 THE ENGINE AND FUEL ECONOMY

ENGINE EFFICIENCY

The engine is the heart beat pf the school bus. It

creates the power supply which is carried thru the clutch,

transmission, drive shaft, differential, rear axle, and

finally to the drive wheels.

.Two basic types of engines are used in schoo]c buses:

gasoline,and diesel. The basic difference between them is the

method 'ot.eUel,ignition. In the gasoline engine, the fuei is

ii5nited a Tpark'15lug; in the diesel, it is ignited by

Ill
UNDERSTANDING WHAT CONTRIBUTES

...
TO FUEL ECONOMY

pompreb .

sion. '4

148,123rfactors-tilfenkerigeengineefficiencY.The,-. :number of
.. ,

cylinders, bore and itrole dimensions, and valve si.ze are
typical of such factors. Those which are more important to

fuel eitNmy are discussed below.

AjA1-fluel ratio is important in obtaining maximum

effic001 A mixture that 'is too lean or ,too rich can reduce
. .

the etfic,i lAcy significantly.

Incect spark timing in gasoline engines can alSo
/

,d042.ceetgitie efficiency, by as much as 50 percent..,:tlia,r4
, . : . .

1-timing; erally co trolled by a manifold vacuum_ and .,7;

iFiltri A.idvance, ures that proper ingrtion is achieved.',..
.

,. er'c-ompression ratios' are also important to.aghieve

.0..,g.peaeinilie.efficiency. High ratios promOte higher te:stk*,

.":temcgirutlaresand greater conversion of:a fuel's heat Aergy

work. This is one advantage of the diesel

0044
:.7ThEnpae4:speed and engine load factor also engine

.

efflelney['hiS is discussed on the following page.
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5.3 THE ENGINE AND FUEL ECONOMY

4 GASOLINE ENGINE EFFICIENCY FACTORS

As seen below, to obtain a given horsepower froM a given

gasoline engine, you will get beitter efficiency (and use less

fuel) by running the engine at lower speeds. This is because.

,higher engine speeds result in greater.ihternal engine friction

and throttling losses. Consequeftatly, if youneed 30 horsepower

.to move the school buS at 40 miles per hour,- less fuel is

consumed by staying in fifth gear at 2,000 rpm (Point A) than

by shifting to..fOurth gear at 2,500 rpm (Point B)..

RELATIONSHIP AMONG ENGINE SPEED, HORSEPOWER
DEMANDS AND FUEL CONSUMPTION .

12

1

Z
0 i.

1.0
1 I

14-3,009.RPM

2 cc
O 0.8
C.3 3.

co.0
0.6

S

LL

5
W

0.4
0 60 8 80 100 120 140

HORSEPOWER
SOURCE: OBERT, E. F., INTERNAL COMBUSTION ENGINES

AND AIR POLLUTION, INTEXT EDUCATIONAL 0
PUBLISHERS, NEW YORK, 1973.

A small engine operating at its governed speed and generating

its maximum horsepower will use less fuel to generate thahorse-

rower titan will a larger engine producing- the same horsepower at

a lower load factor. As seen in the figure, the best ipecific

fuel consumption (9) occurs at Point C, the maximum engdne out-

put. Fuel economy is maximized by selecting an engine.eor the

bus which is near its maximum outnut.during normal opration.

NUmber of pounds of fuel consumed per horsepower -hour

49
"4.
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5.3 THE ENGINE AND FUEL ECONOMY

DIESEL ENGINE EFFICIENCY ADVANTAGES

Diesels are more efficient than gasoline engines for

two reasons. They have a higher compression ratio and lower

throttlihg losses.

Diesels use a lOwer cost, higher - energy fuel than their

gasoline counterparts. Dies f 1 contains more energy than

gasoline; it has more BTIP er gal Since the diesel

.engine has a much higher compression r it burns fuel

more completely and converts more of the vailable energy

into needed vehicle horsepower.

In high-speed overthe -road operation a major reason for

high diesel efficiency is its inherent cycle-efficiency since

thrO-tt-ring-ro-sses-i-in a ga:solille engine in thes-ec-i-r-cum-s-t-a-n-c-es-

are slight. In around town stop-and-go operation, the

throttling differences between diesels and gasoline engines

are important. A diesel can-get 30-35% better fuel economy

than gasoline engines at :high speeds and as much as twice

their fuel economy in town. Overall a diesel can obtain any-

where between 40-70 perCent better fuel economy in the

driving environment which includes both -High -speed and low-

speed operation with many stops--a tkpical school bus
. ,

operation in maty:.Communities that serve both urban and.._ rural
.

,

-areas.

REMEMBER THESE RULES FOR GREATER FUEL ECONOMY:
1. PURCHASE A stu. AN ENGINE AS

NEEDED TO PO R THE BUS.
2. RUN THE ENGINE AS SLOWLY AS

IS POSSIBLE.

DON'T BUY A 230 HP V-8 ENGINE WHEN A 150 HP
6-CYLINDER ENGINE WILL DO THE JOB!
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w a

5.3 THE ENGINE AND FUEL ECONOMY

FUEL ECONOMY AND ENGINE .SELECTION

The factors discussed in Section 5.2 should be 'con-
,

sidered in engine selection. Don't buy-more power than you
need, It will cost extra fuel and dollars. Ask dealers
fqr assistance in specifying the engine requirements fOT your
driving environment.

The question of engine selection- -large or small, gaso-

line versus diesel--should be decided by weighing the fuel

savings over the life of the school bus against the differ-
,

ences in purchase price and maintenance 'costs consistent with.

the financial investment objectives' of the school district.

Chapter 9.2 in Part 4 of the handtook provides guidance in
this evaluation. Considering the many factors that affect

fuel economy, it is important to select the smallest engine

that will do the job.

0.14

a

ENGINE FUEL ECONOMY AT.VARYING SPEEDS AND LOADS.
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SOURCE: FITCH, J. W., MOTOR TRUCK ENGINEERING HANDBOOK, PAGE 71
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:4 A SUMMARY OF DO'S AND DONT'S

FOLLOWING

There are two ways by which the district's fleet cam be

PART III
UNDERStANDING WHAT'eONTRIOUTES

. TO FUEL ECONOMY

upgraded to obtain better fliel.economy: (1). equipment that

offers increased fuel-ecOnOmy performance caulbe purchased,
and (2) older equipmentv...Can-be retrofitted with impro#7eMents.

Tlap installation of a.tc.:mpeature-sensing fan, a tUrb9-
,

charging Xit.fov Sieselsi radial t" ,es, and engine Berating

are exampre .110 vehicle retrofit actions that can be per=

formed on the'ia,Arrent fleet to' 0-kin.more

When selecting new vehiclet, properly mat,olrvand select the
-

engine, transmission, and axle combination that will offer

.the best performance. Also give consideration to tuel saving

options discussed in Part V of the handbook. Ask manufac- '

turers and their'representatives t-o.offer recommendations
.

meet your district's-specific needs. Compare compreheasively

before you.purchase::. .Refer.to'..Chapter 9, Part V for tips in

increasingthe fleet's f el economy.

i
DON'T FALL FOR RIP-OFFS

On-tte otherhand, bp,aware of gimmicks sold in the

marketplace which offer no fuel savings. When in doubt, cheek

with reliable manufacturers, dealers, and schoofdistrict

peers. When evaluating, claims of unknown products, make

sure the tests that were conducted followed procedures

specified by the Socity of Automotive Engineers or other

reliable professional sources. A list of reference sources

is provided in Chapter 11, Part VII of this'aldAdbook. When

in doubt about the benefits-Of claims made in the marketplacea.
request professional opinions and consultation.

MAKE THE MOST OF EACH DOLLAR .

PURCHASE FOR GRE.ATEFUEL ECONOMY.
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5.4 A SUMMARY OF 60;S'AND DONT'S

A BRIEF CHECKLIST

OF FUEL 'SAVING ACTIONS::
00

a T

Develop speOlfitatidna -for; your bus plii-dhliteS--;75p-ecl.=--

. fications

Base' purchasing decisibps o fl,eet performance:data.

Derate engines of the current fl'Oet if they have

power tt:/-;;Ssare.

4,

Alwayi%s,elect the smallest engine that will do the: job.
71.:.(r.

Specify a low numerical rear. -axlratio.

Keep abreast of new equipment that saves fue

Replace (or repair) buses that use excessive fuel' as,

soon as at is economically fe'asible to &o; -sel:

,

Refer to Chapter 9.2, Part V for'additioaal tips

in saving fuel and dollars.
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DEVELOPING YOUR SOL:U-110N..
TO-THE ENERGY CRISIS

':THERE'IS NOSECURITY ON THIS EARTH.
THERE ONLY OPPORTUNITY..

OR GEN:. COURTNEY WHITNEY

54
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PART IV
DEVELOPING YOUR SOLUTION

TO THE ENERGY CRISIS

6.1 IMPORTANT. EifEMENTS OF THE DISTRECT'S'.FljEL. ECONOMY MANAGEMENT PROGRAM
Policy;..Development

,

.f.1161 economy program. starts at the top,.tut works at
the bottom. Initially, it.is n.mpe,rative to develop fuel

..
saving goals and common senseproppals. to attain them., FueI
.Saving. policy should be written &nd approved by the adminis-

.

trati64:;,he developed policy ih t7hrn.dhould be acknowledged
by all:employees. Policy provides the mechanism for_,

eliminating. "loophAles
1 andnonConformance.,

Teamwork

The spirit
,

',?of.teamwork is what makes a balldlub great.-
ne same spirit. is. important in saving fuel. Everyone must
-do taieix part to make school transportation a winner,. Team-

t".'

work-and coordination are importantADarts'of the district's
.

. - ,
fuel economy management. program.

e
3

i
4.

One person should be charged with theresponsibility for
-Oil economy program goals. This individual should

-l.ead the groups involved .in the team effort, maintain en-

thwiasm of the team, disperse information, periodically- .

assess program progessAwirange for publicity to gain
.1/f

community understanding and support, and report on results.

A STRATEGY TO SAVE FUEL AND DOLLARS

DEVELOP THE.'iOLICY JO GUIDE THE PROGRAM.

COORDINATE THE:TEAM :

ASSIGN RESPONSIBILITY.

.4



6.2 STEPS TO TAKE IN DEVELOPING YOUR PRPGRAM

PART IV
DEVELOPIVG YOUR SOLUT4ON

rig THE ENERGY CRISIS .1

STEP 1: 1: IDENTIFY FUEL SAVINGS GOALS

Outline thesschooldistrict's fuel saving gotLs.0Exam!

ples of:such goals May inclu'de: "Zero growth i-ytfuel.consump- dr,

tion-within three (3),yearso" "A twelve (12) percent cut in

fUel us, 1.44hin -tl,io.(2) years," and "A five (5) perClei?t:

reduction in fuel use _next year." identify iihort-terw and

long-i'a4ge goals that are desired to be met. Consult Section.
6.3 (Chapter 6) 'for guidance iri doing this.

STEP 2: REVIEW.ADMINISTRATIVE POLICIES

Evaluate the feasibility Of implementing policy,hanges

that will help the school district to. achieve its fuel

economy goal.s. Examples of administrative policies that may

be .propoied.arewpresented in Sction 6.4--(Chapter 6).

STEP 3: REVIEW.TRANSPORTkTIOt OPERATIONS AND PRACTICES

Evaluate programs that can help tb savfuel. Estimate

the ftel;and Lollar savings that can be obtained by imple-

menting theprograms. "ImpleMenting an equipmentretrofit

program to nbrease the fuel economy performance of the

.school bus,leet,""purchasi4 no.school bus offering less

than_9,Mileez,per-gallon," "incorporaing a.unit on fuel

economy in'the driverYs tra:.ting program," "improving the
.

_districtschool bus. routing program," "develoing'a,

haintenatbe-records. management system," and "pur.chain4

diesel- powered buses" are examples of actions that can be

taken to' increase the fue-l-eConomy of the fleet. .Refer to

Section 6.5 for suggestions in doing this. go

THE FIRST THREE STEPS ARE AN IMPORTANT ,
PART OF FUEL ECONOMY MANAGEMENT.

DEVOTE THE TIME AND EFFORT NECESSARY
T4) PERFORM THEM..
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JO THE iNERGY CRISIS

62 STEPSTOTAKEIN.DEVELOPINGYOURPROGRAM

STEP 4: EVALUATE THE.MEASUIRES THAT CAN `BE TAKEN TO SAVE FUiL' .

. :UsiAg the information obtained:n performing the first

three,st,eps, evaluate the fuel saving ideas that were

'developdd. Identify the merits of implenipenting them. Con-

sult Section 6.'6 for tips in doing this.
Ab

STEP 5: SET SCHOOL DISTfICT PRIORITIES

Lay out a plan for. accomplishing the district.'S goals

over' a definitive time. period using the results obtained in

Step 4, Refer tp Section 6.7 for ideas in developing the

plan based upon the benefits to be obtained to.the school.

district and the costs of implementation.

8TEP.6: PREPARE THE .DISTRICT'S FUEL ECONOMY 1WAGEMENT PLAN

After the plan has been developed, it should be docu-

mented, reviewed, and approved. Any proposals that are
r

necessary to implment'it should be endorsed. Also identify

program Milestoaei at which time program results will be

'reviewed to determine if the district's desired goals are

being achieved.

Specify the indiVidual that is to_be responsible for the

.4,Aistrict's fuel economy management program. Malcb sure that

this person has both the responsibility for program imple-
.

me.ntation and the delegated authority to carry it out.

Chapter .7 discusses .the steps that should be taken to

implem4nt the program. Cert.:An efforts_must also be

initiated- to keep'-the program 'effective. They are presehted

Chapter 8.
'17

AFTER COMPLETING THE SIX STEPS TO
FUEL ECONOMY MANAGEMENT PROGRAM DEVELOPMENT,

. THE DISTRICT IS plow IN A POSITION TO DO
SOMETHING ABOUT REDUCING COSTS.



ti

-:istrators and transportation demartmentmanag.i..ment review

practicality of working towards achieving each goal.

PART IV
DEVELOPING YOUR SOLUTION

TO THE ENERGY CRISIS

6.3 STEP 1: IOENTIFYFUELS4VING GOALS

GENERAL GUIDELiNES

DevelopillAt and implementation of a fuel econoMy'manage-

went program is not a "done- shot" effot. True effectiveness-
.

-can only be achieved when management is continued on a year-

round basis.

The time required for prdgram implementation is rela-

tively short. A few important actions must be performed to

make sure that the_pogram is off to the.right start.

Specification of the-district's fuel and cost .savings goals

Erre the first step.

GOAL DELINEATION

Review vehicle uSe.and fuel consumption. ip.the district.

If the transportation operation has been keeping.vehicle Per-
,

formance records, this should be a relatively simple task.

If not, thiS task should serve as a basis for. recording

vehicle performance data. Identify a set of goals based upon

this review that would increase the effectiveness of pupil

transportation. Look at areas where 'pupil-miles-per-gallon'

can be increased.

Establish.thi-ee basic goals for the district:

1. A long-term fuel reduction goal to be
met within a period of 4-5.years.

. 2. An interim fuel reduction goal to be met
within a period of 2-3 years.

3. A short-term district goal desired to be
achieved thit coming year.

:EVALUATING THE DESIRED GOALS

Evaluate each goal that has been set to,,make sure that

it is practical and. feasible. Hold aJneeting between admin-



PART IV
. DEVELOPING YOUR SOLUTION

TO THE ENERGY CRISIS

6.4 STEP 2:. REVIEW ADMINISTRATIVE POLICIES

...ADDRESS SCHOOL 'DISTRICT POLICIES THAT AFFECT PUPIL
TRANSPORTATION

Take the time to review the district's administrative

policies that affect vehicle, operation and costs. Evaluate

the feasibility of changing outdated policies and recommending

new policies-that would promote an atmosphere leading to.
4

greater fuel.ec....on my.

Examples of ypical policies that can affect fuel

economy and costs re shown on the following page. Use the:

list as a'starting point to evaluate policy changes that

would reinforce the district's program to achieve its fuel

economy management goals.

.Review area:s, that make extra demands upon transportation

in'the.district. Also identify the probleMs that could occur

if new policies were implemented._

1. Review the checklist shown on the
following page fon fuel saving ideas.

RequeSt the staff to-pnesent additional.
t mid la which would lead to a more effective

transportation operation..

3: Estimate the fuel and dollar savings
that could be obtained by each change.

4- 4. Estimate the costs of imtdementation.

5. Outline any problems that may occur.

6. Combine.those policy changes that appear
to be feasible frith the recommendations
developed' in Step 3 and evaluate them as
discussed in Step 4.

. SEARCH ECR IDEAS THAT SAVE FUEL.

"

5



PART IV
DEVELOPING YOUR SOLUTION

TO THE ENERGY CRISIS

6.4 STEP 2: REVIEW ADMINISTRATIVE POLICIES

FUEL SAVING,POLICIES THAT REDUCE COSTS

Change the districY'. servicing boundaries to reduce
transportation requirements. Review the opportunities
to increase pupil Servicing effectiveness with adjoining
distrbts.

Review the opportunitieS.,t6 reduce travel through schoOl
-scheduling changes -- beginning and ending times.

Review all special,, programs. See if rescheduling or
consolidation would result in pupil transportation
and educational benefits.

.

Increase student walking distances and strictly enforce
them.

0 Develop restrictions on travel. Eliminate pupil
transportation during summer school. Encourage the
use of public transportation when feasible and practical.

1

Reduce the number of school field, trips. Combine trips
and limit them to full bus loads only.

trips.
Establish minimum and maximum distances for field

Coordinate with other dstTicts to share bus,es for
athletic events.

Encourage the riding of bikeS.

11] Increase the distance between student pick-up:points
to 'reduce the'number of bus'stops.

Establish recommendatiotts that reauire future school
facilities to b-e constructed with fuel economy_ in
mind; refer to Chapter 10.2, Part VI.

Implement a fuel economy management program.-:

USE WRITTEN COMMUNICATIONS TO DOCUMENT YOUR STRATEGY
TO AVOID MISINTERPRETATION AND CONFIRM AGREEMENTS.

60



PART IV

DEVELOPING YOUR SOLUTION
. TO THE ENERGY CRISIS

'6.5 STEP 3: REVIEW TRANSPORTATION OPERATIONS AND PRACTICES

OPERATION REVIEW

Request the staff to propose a list of ideas that can

increase pupil transportation'effectiveness in areas such es

driver training, maintenance, routing,-and vehicle

scheduling. For each suggestion estimate:

. I

1. Fuel and dollar sayings that could be
obtained.

2. Cost of implemenation.

3, Time to implement the suggestion.

4 ':Problems that could arise in
;!j:mpIementation.

Political feasibility and,community
acceptance of he fuel saving idea.

EQUIPMENT. REVIEW

Review the district's equipment and identify those

vehicles that are offering poor fuel economy performance.
a

Use,this review as a fra ork for keeping detailed records

on, each vehicle in the fleet Develop a list that shows,:

p rformance of each vehicle1. Fuel economy
in the fleet.

2. Actions that can be taken to improve
fleet performance.

3. Fuel and dollar savings that could be
obtained by taking the actions identified.

4. Costs of mplementation:

5. Time to implement.

6. Problems that could arise in implementation.

Address the questions on the following two pages to

identify other areas where performance may be improved

through fuel economy management actions.



PART IV
DEVELOPING YOUR SOLUTION

TO THE ENERGY CRISIS

6.5 STEP 3: .REVIEW TRANSPORTATION OPERATIONS AND PRACTICES

OPERATIONS CHECKLIST

OPersonnel'Activties Review

Are guidelines provided to the staff to encourage
fuel econflomyl,

.

Are proedures for saving fuel in writing?

Are.buti±riirers familiar w th fuel saving techniques?

Are3/47dividuar.drivers,aw re of their fuel economy
performanc'e' ?":

Are at.ePg:taken' tb improve performance?

D.,:suiier14,4orypersonne17have,a positive attitude
't-oyatdg:. improving performance?

there a. "driv,.Y.ng for'frl economy" in the.
'

Are .posters. and other media
used to promote peeformaaCe?!

Is good performance recogni/ d rewarded?

'Is-good performance publiCized?

Are'prsonal'letters written toemployees to thank
them, for Tdeas that save feel and-dollarsVi

.Are :periodic.meetings held toildiscusg'perto ance?'

;.D0 employees participate in setting'-goals? .--.

Are: a. la- emi loy.ees involved? '.

. . ..

Are employee suggestions soliciated and

0 Teci'si:On'--Mak5:mg Practices Review

,IDO.,:recordS offer a yardstick for takingtions'

Wil;-venicle records offer-4he districtamearly
warning 'system for equipment replacetent?

,POe'eenuinmeiit retrofit and replacementiciecision.
Making take into consideration .deteriOrti4n:rates,.:
equipment service life, fuel savings ava4anieovet:::,
equipment service life, and present v1.lue:ibenefits

A
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DEVELOPING YOUR SOLUTION
TO THE ENERGY CRISIS

6.5 STEP 3: REVIEW TRANSPORTATION OPERATI ON SANDPRACTICES
7)

OPERATIONS CHECKLIST.

Purchasing Practices. Review .
.

Is:fuel economy data used to infli*f.e pUrCliasing
decisions?

Are fuel and equipment purthased in unit loads (e
truckload gallons) whenever possible to t,ake
,p,avantage of discounts?

:PiA.;71:1.1.ss the proper size for your needs?'

Are the smallest-least powerful buses that will do
J.the job being purdhasea?

;

'Are suppliers being asked for suggestions on how t/cp
ingrease fuel economy and reduce costs?.

saving equipment.cansidered'in purchasing?

g.,

El 015,:erati-dn-Review

Are buS 'stop's. spaced as far apart as is feasible?.

Are central collection points used whenever possible?

Are bus routes consolidatea as much as is O'actical?

Are school athletic trips and-field trips cbmbined
to maximize bus use?

Are bus.routese7evaluated periodically during the'
year toinsuthat..equipment, and time
used. most effectively?

EquiPmer%t Maintenance Practices 'ReView

Are detailed equipment performance records kept?',

Are standards used to measqre .performance?

Is fuel economy considered in routine maintenance
(e.g., tire pressure, ignition timing, etc.)?

Are repetitive work orders for the same problets
showing.up?,

Is there feedback and follow-up to each work order?



PART IV
DEVELOPING YOUR SOLUTION

TO THE ENERGY CRISIS

6.6 STEP 4; EVALUATE MEASURES

CONSTRUCTING THE VALUE ANAIYSIS''ZABIE

Value :analysis offers a method for comparing .fuel

econommanagement actione-based upon.tmportance of

benefithat can be obtained. Develop a list of criteria

for measuring the vallue of each,recommendation developed in

the prior steps. The fuel economy . value analysis table on

-page 5.5 shows examples-,of-..three criser.ia: dollar savings.

potential, probal)ilitgz.df achiesving the savings potential,

and 1Pceptabiaity.of-eacli-recommendatiOn,

Each cri't'erion should:be assigned "fixed" numerical
-. .

value or crite5.dn weighti-T8hown in tb.fueV:ebOnomy value,

Analysis table:.;:qe numerical Vaine thgt is'.at-signed should

be based upon.the,idportance-O-f 't..hecrfteripn to the dis-

trict in meeting its fuel economy manageMent.program

Using the f-o'rmat shown an:page 55, de"veIop the

-trict'is value arialysis.,table --sh-owing criteria that will4be

used to evaluate 'the benefits of:fuel economy actions that
. _

could be taken.Atign each criterion a numerical weigh -t.
.

As'slime that the C'rite.r.iOnweights will be represented by

numerical values betWeen 1 and 10. In the example discussed;

the probability of achieving- the savings potential .is set at

a value of!5.- The.savings that,can be obtained if the action

is implemented is very-important, thus 'this criterion is

assigned a-value. of.10. Community (political) acceptance of
. _

fuel economy actions is recognized as. being important, yet

we do-not want to let this criterion highly influence any

opportunities that may .exist for significantly saving lar"ge

amounts of fuel and dollars. Thus, this criterion is given

a value of_ 3.

Using such a premise,' we have now established the table

for the decisiOn-7analYsis. The following page discusses the
,

method for.evaluatimg each potential' management action with-
-,

n such a framework.



PART IV
DEVELOPING YOUR SOLUTION

TO THE ENERGY CRISIS

6.6 STEP 4: EVALUATE THE MEASURES THAT CAN BE TAKEN TO SAVE FUEL

EVALUATING THE DISTRICT'S FUEL ECONOMY MEASURES

In..the example on page 55, it is assumed. that 6. manage-
ment actions have been proposed in Steps 2-3 which 'could help
the school district achieve the fuel economy goals developed.

a

in Stein 1.. .. .
Management Action .No ..'1 (e.g. , urchasing a new dies.el-

p-oz.tet,ed school buses) is ,.e4:(1mated :to save.;:tile- d.ist,rict about.

$40- each year It ht.i.:::-.441-.:e.)et,i:emely high probability o±'

1:514e1 fig: implemented d be an acceptable s lution to the
Oommunity. It is givenH.a 'huinerical rating of .5 (average

i:- savings) to represent its cost-savings potential ,and a value -of
, ..:10 to represent its high. probability of success and accept-

ance. ,

The grand total value of implethenting Management. Action
No.01 is 130. This.is obtained by adding. the individual
weighted sums (e.g. , savings potential: 50 = 5 x 10; proba-
bility. of achieving the savings poten,tis:1: 50 5 x 1-0; and
community acceptability: 30 =10 x 3)

Management A.ctiOn's No. 2 thru 6 are analyzed in a
similar manner. After each action has been evaluated, the
grand total _values for each are calculated and compared. In
the example on page 55, Management Action No .2 has the
highest grand total value based upon the criteri.. n weights
assigned; it is identifiedas the most important (first) in
the "pteferred order ranki.ng" column./ Man-ageinent Action No.
1. is the next best solution having a total gra
It is assigned a :value of. 2 in the 'preferred .or

value. of 130
r ranking"

column. The grand total specifies
I.:lent action is as compared' to all, actions

The "preferted order ranking" column _tance of 130otenti managennelit 'action to the district .-t

how important- each managet
being evaluated.
shows- the infror-
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PART IV
DEVELOPINO YOUR SOLUTION

TO 114 ENERGY CRISIS

6.7 STEP 5: SET SCHOOL DISTRICT PRIORITIES
,

- - ., ,
. _

Using a table as shown on page 55, the district can

'evaluate eachli)ropo§ed fUel economy management action ba.4ed
' 4 . ,, ., . e,

,upon such pritetia as. fuel. and .d.011ai- saVdngs'potential;_the
,. . .. .

prOtabi,lity of achieving the savings potential, community

acceptability, implementation costs , an a the estimated time

to implement 'each .action among other factors that are con-
.

,.

sidereid - important to the d.istrict,
-..

The management actions haVe A -higher. numerical
. -

. ,
..:.

(grand:to-tAl): value offer greater' olpportunities-Tor salting
. :-. .

:-,,. . - ,

and, dollars.' This ranking is relative 1:)ecause the,
analysis congisted of a "first oraer. approximation. The

mdy-.nowdeSire to perforM a comprehensive benefit-
,.

cost s-ana.lyqis of .the management actip.ns t flat .are nker7 hioka ;a
,70...

. to determine more exactly their true pot ential savings
. Use

the technique desCtibed.onA-pages 81-88, Chapter 9.2-;Part V in
doing this . Rrank the management actions , as necessary,

.67

beed upon the results of the benefitcost analysis. This

provides a So.and basis for -identifying a list oftfuel economy
.

management actions can -be gromulgated. Tig.s

i-epresentS,the foundatvion for the d'istri:tt ' s fuel economy

tamageteneip,lan: Use this 'documented appt-eaCh or another.
techn'3N.que -0443. t can provide similar results. in pi-asehting,

at::

the fuel eccinipmy program, to managem,e,4. .The.procesesult4
in definition Pf- the:Trioriti.eg that should be placed Upon;_kte,-..'.;
each fuel econox.ay-..manageMent urota:

. .. .

.

t:he
Ow:" -importance- of criteria ,t o the schbo lci s.tr.ict:-7..y

.

. C. !;'27:

.'51 ; .

REVIEW EVALUT,0'...0 .ACT, t.- .

.



PART IV:=
DEVELOPING YOUR SOLUTION

TO THE ENERGY CRISIS

6.8 STEP 6: PREPARE THE DISTRICT'S FUEL ECONOMY MANAGEMENT PLAN

, Use tie results of Step .5 to provide guidance impre-
-

Daring the dist-rict ' a. fuel economy management plan.: The plan
2 .

should eDeg-ify preci,sely -what will be accomplished to meet

the short-term; mid-term, and long,term goals of the

district. The plan should also identify .the 'individual

responsible for carrying out the overall- program and all

coorUinato;s who will assists in Trogram implementation.

Deyelop a planning.: schedule and document the budget

required for plan implementation. Prepare a master

schedule showing critical time- point s at which program results

will be measured. Use this 4s chedule as a means of Communica-..

tion in controlling the program. During implementation, do

not expect everything. to run smoothly. Problems can occur

and individuals' may fail to do what they are supposed to.

The.maSter pAgram schedule . should all6w for program adjust-

memts and be updated as necessary. As time moves on', a

revised schedule nay be developed reflecting these 'adjust-

ments . Consideration .of these important factors should be

given 'f/1 developing the district' s fuel economy management

Plan.

At this stage , the distriCt is now prepared to implement

.,the plan.. Chapter 7' provides guidelines for doitig this ..

FUEL ECONOMY MANAGEMENT GOALS ARE ECONOMIC GOALS.

GET PEOPLE TO THINK TOGETHER TO SPECIFY THEM.

JOINT HUMAN ACTION IS ESSENTIAL IN ACHIEVING THEM.,



PART IV
. DEVELOPING YOUR SOLUTION

TO THE ENERGY CRISIS

S

7.1 THE NECESSARY PUBLIC RELATIONS CAMPAIGN* Vi

THE DISTRICT'S FUEL ECONOMY PROGRAM QFFERS A BASIS FOR
INCREASED SCHOOL-PARENT1I.CONTACT

.

Public Ir elatiivs..seeks to bring about a harmony of

understanding between the school district and the public

which it serves.

The school 19/tas is the only contact that some people in
-4)the community may have with the s-chool .district . A well

publicized fuel economy management program offers frame-

work for.farent confidence in the school system.. This is a

valuable asset- to schoo3, bus discipline 'and safety; it is

also an asset in obtaining future school funds that must' be

approved by the taxc-ayers. (.4 fuel economy programooffers

tadrayers a basis for having confidence in their school

district and school_ transportation program. Such conflipnce

affects their willingness to ..quppart future educational

-program needs. The community w4,11 appreciate steps that are

taken to increase pv.pil transportation effectiveness an

save dollars.

It is'important to make the community aware.of the

steps that are to be taken to save fuel and the reasois for

taking them.

PROMOTE YOUR pISTRICT'S PROGRAM
THROUGHOUT THE SCHOOL AND COMMUNITY

SET'SPEGIFIC_PUBLIC RELATIONS GOALS

HAVE ACTIONS AIMED DIRECTLY AT ACCOMPLISHING
YOUR FUEL ECONOMY MANAGEMENT PROGRAM

OBJECTIVES

APPRAISE PUBLIC RESPONSE

ALTER YOUR ACTIONS As NECESSARY
BASED UPON THE APPRAISAL

70



PART IV .

4 DEVELOPING YOUR SOLUTION

it5
TO THE ENERGY CRISIS

...

. ';`

7.1 THESkfCESSARY PUBLIC RELATIONS CAMPAIGN

Give ample thought to formulating a theme that will pro-
_

,

,...
Altvide the setting for

,

carrying.out the district's, fuel economy_

dikma ei2aent _program. Develop a message that-can- be used to::
-,-.

pr;opote the program throughout the community.. Promote the -.
S .

.

.

, aessage throughout the program using signs, pAters, bro-
....

.

chures, circulars, the student newspaper, press conferences,

and.available'communication media. Decide on atheme'that is

simple; believable, informative, appealing, and which best

supports the goals of the district.

Exatplesthat 6Ould be Used'to promote the program

40, o The 8.5 Miles-Per-Gallon-Campaign.

o Fuel AnageZene'To Avert Crisis.

o School DistAct's Fuel
Economy Campaign.

.o Meeting School District's
. a

Energy Challenge.

o MoreAilas-ger-Gallon.

o Sharing Energy.Conservatiorespthsibilies.

15 Strategy.For Fuel Economy.*

oWtingnow How To Make Fuel Economy Work.

Cr!

': .:Plan 13,publifc' ra4tiOns campaign -that will tell the

commAity what the school district is going to do andwhy..
, .

Make the .p41.blic aware of th ri'ing costs tf operation and .

a 7.
CtEe school ThRtrict'Pprogram.to hiparesolveihese problems

'through management ,9.ctiols. t .

Design simple.and-ipexiensive brocilviret that can be
C..

printed and distributed to promote the. campaign. The
1

district may also desixe tot contact VeirfStalp Enirgy

Office for other information that could lwe used in the
t,campaign.

-,
-1,.$

.4'

a

p.



PART IV
DEVELOPING YOUR SOLUTION

TO THE ENERGY CRISIS

7.2 OBTAINING COMMITMENT AND COOPERATION

Commitment 'and assistance are. required to kick off' the_

program and to implement it: Maximum management effectiveness'

will be obtained by selecting one ihdividual to head the

program with support provided from subordinates and peers-as

soo

V

deemed necessary to monitor and achieve results.

Z.chool administrators must be committed to the fuel_
f

economy goals and believe firmly in the management program.

This is important in developing an ovefall.spirit Of cooper-
ation,

The transportation staff, drivers, and maintenance per-

sonnel are the. individuals who will be carrying out tlie.pro-

.gram. In some instances, the-district's progfam may require

the introduction of new changes that may seek to alter

.personal habits that have been developed over many years.

Perso4pel mar look to *se changes as a questioningof their

capability.. It is important to discuss the reasons why "the

'school district is going to do things differently." An
effort must be made to, polnt out that a purpose of fuel

economy management is to reduce casts and that uncontrolled

costs can affect jobs.'

The clerical staff, teaching staff, and pupils are also

an important part of the program. The clerical staff may be

-required to spend extra hours in. helping to run the program-s7.

collecti.ng data,".creating posters, and assisting in other
efforts% The. teaching staff should be brought into the pro-''.

gram durj.ng the review and planning stages. Get them in-

v;olved and solicit contributions frOm them--communicate with

the science department, auto shop, incTustrialeducation

departments, and all teachers having special talents and

skills that can be used in implementing the program. Stu-
.

dents also play an important role in the program. This is

discussed in Section 7.3.
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DEVELOPING YOUR SOLUTION

TO THE ENERGY CRISIS

7.2 OPTAINING COMMITMENT AND COOPERATION

THE PTA'S ROLE IN THE DISTRICT'S FUEL ECONOMY MANAGEMENT
PROGRAM

Use the PTA as-a mechanism for promotitg the distrt's
fuel economy management program throughout the community. Dis-

cuss the reasons for the prograt with the PTA and point out
the need for fuel anddollar, zavings in pupil transportation.

Allow PT.N'tembers" an opportUnity to get involved during the
planning phase -- solicit ideas for saving fuel and reducing

transportation costs from them. *

"WHAT THE PTA CAN DO FOR THE DISTRICT

Ask PTA members to survey their neighborhoods and
present ideas that can reduce the-demands made upon pupil

transportation--less bus stops spaced farther apart.

and zoneloading in each neighborhood are alternatives
that could be reviewed.'

Ask the PTA to promOte fuel economy management in their
meetings.- Request ideas that cansave fuel and that could

improve transportation servicing in the district.

Have the PTA promotesa, district workshop on ways to save
.fuel. Let school Tiatrict staff arid, parents join forces to

.

discuss. the opportunities for saving fuel.

OTHER IDEAS TO P ROGRAM
. V..

Designate a Fuel Economy'week. Se .ie-b'ter., to Senatoia,
.

Congressmen, the State Boar4 of'Education, the Department of
Transportation, and-other ncies and organizations asking

for their cooperation andettz istance.- Make use of- television,

radio, and new8paper'media4 promote the:;district':s program.
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DEVELOPING YOUR SOLUTION

TO THE ENERGYCRISIS.

GETTING STUDENTS INVOLVED IN THE PROGRAM

-IMPORTANCE'OF STUDETT,PARTICIPATION
A

:The'students of today are the individuals who will carry;.

out.the nation's energy.mafiagement policies of tomorrow.

Their, participation in the fuel economy management program:is

beneficial to the district and to themselves. It offers,them
4

an opportunity to get involved in carrying out solutions'to

the nation's energy crisis;:it also offers them an opportunity

to learn good energy management habits.
t

. AREAS OF INVOLVEMENT

There are many areas where students can get involved in

the distrdct's fuel economy ma7nagement program. The list on

the following page indicates some areas for student involve -

ment. Identify areas for student involvement in the school

during the planning steps and make these activities a part ,of
.the overall program.

Encourage participation of student class leaders during

the latter.stages of program planning. Use these indivdduals

to help carry out the program.

4

. ea'

a

ENCOURAGE STUDENTS TO
-PARTICIPATE IN THE SCHOOL'S

PROGRAM TO SAVE FUEL.
TELL THEM WHY 'SAVING FUEL IS IMPORTANT'

ti
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7.3 GETTING STUDENTS INVOLVED IN THE PROGRAM

A. PARTIAL LISTINGlbF STUDENT/.;
PARTICIPATION 1419GRAMS

''Initiate a school contest to identify.-fuel conservation
- practices.

E

.4 i' ': ,

- .Start `9. campaign.. to have., zhcool buses cpmpete with each
,other ; meavre fuel economy, performapok dui7.ing.the
school y. e a'r ; post:re-Sults on the school bUfei:'

.;
. 0

. ..
.

.
. .

Have students deSign."logoon 'and" pictures. which:
promote fuel economy =- place. the best ones on the flitoMi
of each bus to remind. the tomMt.ntty of the .Program;
refer. to buses by ,name such;-as-:"tbie fuel 'saver," "the.,_:
gasoline perfoTmer,",and. "the:tortoiseb rather than a_
number- -names that can encourage. fuel .economy.'

.- I

:-

Promoto-,the fuel ecdm.omy, campaign ieithe school news;
paper ;, let student's, contribute articles About
economy..

Develap:.posters such as k tune
"don't waste fuel" ad--..disp throughout
the schcol:

Hold a -studelt contest fo
the .riumber of bus sCt.p.S

Get studerits- in indust.ria
shop curriculum involved'

. r.

It

.

-..

El
%;Promdte jmttaddttri.ct and .nterdistrict fuel e'. my
-'doest s ; encArae students and staff to appl3uel
,/-

c)nOlni principles to. ttheir personal cars,
44.4' 4:.*In . .

- .4- 0.4 ' vo tr: ;:i.,, .

1:1 USE THESE IDEAS:AS A STARTING POI;;14#.

.4
'` %, ' FOR STUDENIWPARTICIPATION PROJEC.)"

SEE HOW MANY OTHER IDEAS CAN BE DEV

. .

ng ideastt :reduce.
hoods.

,suchaS the auto.;
rogram:.

Hatve'the science' club sport a pp bj ect to sav
r

. '%;v:x .:.''''':

Have- the 'transport t' on staf f*talk, to stud ants
.pract.ces that lead4o' betkt10) fuel economy.

,

.
.

}o1/Reriadic "fuel economy" meetings between.

.arid. students. ,149 .'t
(1
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.;# y-

7.4- PROGRAM KICKOFF sx

INITIATING FUEL EC

Coordinate pr

A'

.MANAGEMENT ,1N THE DISTRICT

kick off to coincide with a PTA

meeting. Hold, a * assembly, during the day for

students and Ares -tbe-",pita.gram ;that same evening to the
parents ,'Be preViree -'to,"Ecddr 'questions with regard to
why, th.' pz\ogram mg:,imp;:em nted and -discuss how-ithe

delre ed.: Indicate why fuel savingdistrict' s goa

practices are

for the school

v.

giple .Hold a pr.ess conference

spapers-and issue press

_- :

,'HINTS FOR MORE EFFEq PROGRAM PRESENTATION -

-,. Tlie 'follow} :-' eas may be:used to reinforce -the
ii

district's ci ting: _

9!

-4 -,-'1, y parents of the program in advance,
%.,

mailers or -student handouts, to insure
.

ood attendance. at' the meeting.

2 .;;Wri7;-ite guest'.sreaker to discuss the
opportunities. fdr Tuel economy management
and the benefits, to the district.

Provide a .setting Tor the. meetinguse
visual aids and charts that the audience,
can relate to.

Issue a press- release and hold a press
onference.:

how-an: edudational film on energy management;
contact- your State Energy Office for films.
Have -memberS or the school board and tran-
,portation -d.e-par.tment present the school rs.

diStrict fuel economy management program.
7. Have a -teacher discuss the student projects.

that. will be undertaken in the program.
8. Invite audience participation and questions.
9. Request community participation in the

program.

PROVIDE THE MOTIVATION FOR FULL
COMMUNITY COMMITMENT TO THE DISTRICT'S GOALS.

(.)
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8.1 MONITORING RESULTS

Management effortsmust continue.. after program initia-
.

tion, .:The program should lbe monitored to-make su e resulX\

(7are p:thieved..*.Two types of monitoring are requi ed to keep

the
/

district's fueleconomy management prograM effecti've.

Each is separately discussed.

MONITORING OF ENTIRE SCHOOL DISTRICT RESULTS

The district's fuel economy management.program should

lead to -a reduction of fuel: -use and costs. 'Review fuel use

on a monthly basis and develop fuel, consumption and cost

data stsatistics as a management tool for program results

measurement and feedback. Monthly monitoring will identify';

'problem areas. Review and correct them Revise the program

schedule when necessary Ito kake:'sure that it accurately
.116

reflects the istatus of all efforts being conducted,

.

MONITORING CF CPERATIONALUNIS RESULTS'

Make sure program responsibilities are being carried out

in each area. In essence, this is nothing more than following

the procedures of good management.

Reviewthoseareas.wherec impretements are sought and

closely monitor them. Results may not Occur as quickly as

expected. 'Do not panic.- Find out the reasons foe this.

Motivate and inform personnel of corrective actions that can

be taken to overcome problems.

Retain an atmosphere of commitment and total involvement.

Do not allow set-backs to disrupt the progr-am.

RECOGNIZE GOOD PERFORMANCE SO THAT IT CAN BE CONTINUED.

RECOGNIZE BAD PERFORMANCE SO THAT IT CAN BE CORRECTED,

RECOGNIZE CHANGES IN PERFORMANCE, GOOD OR BAD.
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8.2 CONTINUING IMPROVEMENTS

PERSONNEL SKILLS

The area of fuel economy management is relatively new
as compared. to many other areas'of.management. In the coming
months apd years,.new ideas and 'better equipment will be
develdped and made available to school dislricts: Keep
abreast of the state-of-theart. This can be encouraged by

having transportation personnel become involved in national
and state workshops and by priimoting an environment bf

continual' self-improvement in the staff. .Keep in touch- with

organizations working in the field of fuel economy.

INCREASING FUELECONOMY MANAGEMENT PROGRAM BENEFITS
-

Keep an open mind for.ideas.to save fuel. Evaluate
those that look:Somising. One of the indicators of a good.
management plan is that is continually being updated and
&hanged.: ThiS .means that as people are working towards

defined.goals, they are identifying: problems which were not
antici,Pated. This is good: No one.persof.can develop any
one-plan to solve all the complexities -that.,.eXist

creducing fuel use in pupil transportation. Planning update
.is healthy. It leads to more effeCtive transportation:
management.

.1$01): r.

4.

.READ THE TRADE
PUBLICATIONS; KEEP

ABREAST. OF WHAT OTHERS
ARE DOING TO SAVE FUEL.

7C
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GUIDELINES-FOR INCREASING FUEL 'ECONOMY
IN YOURSCHOOL.DISTRICT

IF MAN WILL. BE CONTENT

TO BEGIN WITH DOUBTS,
'HE SHALL END IN CERTAINTIES.

FRANCIS BACON,. ADVANCEMENT OF LEARNING,
OXFORD DICTIONARY OF QUOTATIONS -.-
OXFORD UNIVERSITY PRESS, 4959.
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r

SQUEEZING EXTRAMILESfROM EACH TANK OF FUEL
INTRODUCTION' ZOTUELSAVING 201TIONS

(Chaptsr 9 is dtvided intO,fiVe. sections.. The

sections di,oscuss school transportation areas where opportuni-
,

ties are pr.esent-tO.save fuel.Emphasis,is'. on how fuel,can
be saved in eacharea.:

to

Sedti!on 9.:2.discusses:TurcHasing actions that C-Ontrib'ute

inCreaSed'filel economy. ,Taking the,,time%and effort to'''
"spec" fuel saving equipment is an important part of managing'

'for greater fuel economy. Equipment purchaseswhich couldn't
be justified, in the pastcan offer attractive paybaCks today

when'current.fuel, labor, and materiel costs are given con-
,

.sideration. The district's needs °should be re-examined with
in the framework of today'seconbmic climate.

The s.chool l3us drixer also'play,s an importanV part in

the district's. fuel'saving 1.7"ogr.am. 'How a bus is, driven and

driver alertness to mechanical prOble'ms that could 'affect fuel

consumption are important'in getting-o.ptimum.fuel,Ineage.

Recommendations or motivating drivetOtarive for better

fuel economy arse- presented rn .Section 9.3

Transportation planning.tips are, offered in Section 9.4.
»

Planning and preventive maintenance, the latter diset404 in
Section 9.5, are others areas where more pupil-miles 7p

ga,llon can be obtained.
.//

The contributions that,c.an, be -obtained in each-arei of

TUpil transportation will all. ollectively help the school
. ..

-

istrict.mee Its.fel:econOmy management.'goals and squeeze.,
-o se extra 'miles from each g6.11onl6f fuel'purchassd.

s
,r
Ast!t

MAKE ENERGY MANAGEMENT
A PART OF YOUR PROGRAM



9.2 PURCHASING TO INCREASE FUEL-ECONOMY-

, IMPORTANCE OF THE P,URCHASIN .FUNCTION

The school district purchasihg funct fon is th.O. "money_

management.t' part of the operatiOn. In general, 'administrators

PART .V
GUIDELINESPOR
INCREASING FUEL

ECONOMY

responsible 'for purchasing equipm-ent dos._ not,, personally use it ,

or do they originate the request for its need. 1fet. they can

save the ,sohool district ;dollars.'1.-.,y:

o. Ferforitiing an economic 'analysis of eauipment
purchases.

o GrOuping Purchases to earn favorable. prides ,

disdounts., and.' deliveries.

o 0,rdering- in lot.s that hold- costs d.own.

o- Purchasing to standardize the fleet- as much.
as possible--to minimize parts inventor3i-
prol:Ilems and additional pertonnel training
needs to service ..:6he fleet effectively.

Each school- district dollar must be spent- with the.'

greatest of care. Because budget.s are- -limi't-ed, purchasing

practices should be re-exami'n,e1 to make tute that they are

consistent with economics that lead...to' incraased, fleet

Rerformance.

Section 9.2 addresses two are%s .of, th'e pur:dhasing.

ct3 on that are? importa;ht to fu.sel cFirst

decision-making questions .are presented td help:think

the purchasing steps. This is 'followed by a r61.- view-of

benefit'-cost analysis methods that can be use4 to evaluate

the di's.rict ' s eauipment purchases. A summary of purchasing

tips is presented a.t the en-d. of this section. a 9t

.

0

fi
, REVIEW YOUR DISTRICT'S TRANSPORTATION NEEDS:

0
# 4 -
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9.2 PURCHASING TO INCREASE FUEL ECONOMY

'QUEST'ION 1: BUS SIZING ;-SHOULD IT BE A. LARGE OR SMALL

Chapter 5 reviewed the important factors that -affect,

vehicle' s' fuel economy,. Take advantage' of the p*na.'i',plee

that were presented. Turcliase the smallest bus that

adequatelyda the jab: for the purpaSe: far

VEHIC LE?

bought..

Bus design r.itaoteristict. such as .size,, °frontal' area

0 and weight and the speed at which .the vehic-le will be driven''

influence' the amount` of resistance ( . and' fuer COnSumitiOn)
...whichwill .have. .to be overcome by Power...from the vehicle

,

- .

engine. 11D6 hot oerplirchaS*., ;PeVelop- vehicle:.specificationS
based upon transportatianserVicing needs . Select the rigEt

-vehicle .for the right job.

Work closely with equipment 9ilea1erS .tasPeOtrif the

s'.044.blis that lbest meett Yonr:distiicV s per14,cing

cr
1 '

. .

4.%e = such as those shOwn below in n-the most Cott-effective
.

. -
- - .

,

".:

FACTORS.TYPICAL' OF THOSE INFLUENCING
.BUS SPECIFICATION

a .o- Numb.erf pupils to be transported.

Pupil age and: physical condition_..
c Fuel -a onsumPt_ipn perforiance4:

o Average- driving .speed.

Maxmum ,speed t o' be driven. 0

o Distances- to be trayeled.

a Average road width and dondition.

o, Grades and hills to. be encountered:

'c Maintenance requirements.

o Average revel of driver exnerience.

84



9.2 PURCHASING TO INCREASE FUEL ECONOMY

QUESTION 2: SHOULD THE DISTRICT PURCHASE A GASOLINE OR DIESEL
ENGINE?

Section 5.3 of Chapter 5 discussed the advantages of

diesel engines. Diesel engines cost more because the engine

:block has to be designed. to withstand higher forces of com-

buttioh and higher temperatures and pressUre,s. Itot -fuel

'injection system is also moreexpensie than a carburetor.

The extra first, cost to2acurchasediesel engine should

be compared against the benefits of obtaining more miles -per-

gallon from a fuel that costs less than gasoline, about a

PART V
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nickel less a gaflon, and reduced-main:t.04ance expenditures.
r

Analysis :methods that can be used to -eVi'luate this tradeoff

. are presented.an -Rages 81 t.hru 88.

--. Me fuel and Maintenance cost saving's that were obtained

from.,73ipassenger' diesel'school buses over similar sized gas

modeli fonfsUrv&il school districts in,ithe State of Washing-

tonton are shown.On, the following page. The grapA shows that

desel engines can offer substantial cost savings over their

gasoline. counterparts.

Survey data collected by the Regul Common Carrier Con-

ferenO.e Maintenance Cmmittee of the 9)..erican Trucking
.

c.Associations On eight ommenciel fleets operating_ similar :sized

diesel and gasoline powered vehicles showed similar results.
. .

4j Over the, life span of each vehicle, the average annual.costs
.tof operation were abbut 4O percent less for diesel mOdels(1).

.
:valuate the fuel and maintenance savings of-the diesel

engdne agih'st the-extra first-time purchasing costarts

.'availability Problems, and maintenance needs to service this

englne*in your area to answer this question.

(1)Incl-adesdepreciation, fuel -bost,_,fuel labor, overfauls,
,preventive maintenance, and repairs;.based upon 'findings
discussed in'the Draft Report-titled. Interagency Studyof
Post--1980 -Goals for Commercial Motor S,

Department of Transportatiori,1

A
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a

'

9.2 PURCHASING TO INCREASI FUEL ECONOMY

f

°

a

a

FUEL AND MAINTENANCE COST SAVINGS
OBTAINED BY DIESEL-POWERED BUSES COMPARED

TO SIMILAR GASOLINE-POWERED BUSES

%b.

p

31

a-

0/0'r0'
A

1-5 6-10 11-15

BUS AGE (YEARS.)

16-20' > 20

SOURCE:
BASED ON A SURVEY OF 20 SCHO(*. DISTRICTS BY THE
SUPERINTENDENT OF PUBLIC INSTRUCTION'S OFFICE,'

Ot YMP1d INALCHJAIGTQN

After the vehicle has
$

been sized.to meet the district's
\ .needs, 'determine the engine power requirements. Equipment

manufacturers caA assist it calculating the total, horsepower

and .required net. horepower that will be needed to power

-Chbe school bus in your driving eriVirotment. Always purchase

' the smallest aftailable engine that -will meet these require.-

cents-
.01
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9.2 PURCHASING TO. INCREASE FUEI ECONOMY ,,
-\

QUESTION 3: WHAT AVAILABLE REAR-AXLE RATIO SHOULD BE
SELECTED FOR THE BUS?

a

PART V
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The numerical axle ratio is a number that tells you how

Many times the yehicle's Arive shaft'must rotate to cause the

vehicle's. rear wheels to rotate one time. If the numerical

ratio is 4.0, for example, the drive shaft must rotate 4 times

to cause one complete revolution of the rear wheels., Determining

-lihich numerical rear. -file ratio.is best for your bus should

be :done:in Much the same manner as ' selecting the right engine.

After the net horsepower to power the bus has been

calculated, select an available rear-axle ratio that is

nearest to the computed ideal ratio.

Gear ratios are available to meet.a.wide range of oper-

ating conditions. Lower numerical ratios will increase your

vehicle's fuel economy;, they may also place a limitation upon

maximu:mVehicle-speed-due to-a .lack of .power. Work closely

with ecitipmemt dealerSto calculate the ratio which will

provide'the best p'eformance for your driving environment.
. .

. .

HAVE YOUR EQUIPMENT DEALER ASSIST YOU IN
CALCULATING THE "IDEAL"-REAR-AXLE
RATIO FOR YOUR BUS IN YOUR DRIVING

ENVIRONMENT:SELECT THEAVAILABLE
NUMERICAL RATIO NEAREST TO THE

"ID- EAL." .

61'
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9.2 PURCHASING TO INCREASE FUEL ECONOMY 7:-.
410-*

QUESTLON 4: WHAT. TYPE OF TRANSMISSION WILL PROVIDE THE BEST'
'?.PERFORMANCE?

Select the transmission and rear axle that will use

available engine.- power most effectively. Take. "the-time to

propeiT'ly mate this 'combination.

The choice between an automatic and a manual transmission.
-

is impOrtant in vehicle ape_oifiCatin. The clutch which trans-

fers power from the engine through a/manual transmission to

the drive ttain can be one of the Moist abUsed components in
the school bus. Theextra cost for an automatic transmission.

'should be weighed against expenditures for-replacing and

maintainingpressure plate, linings, throwout bearings,
drive s2laft, and the transmission, primarily when the school-

,

buslis being drven by driver's who are inexperienced in
It)btk'cl.ning ,i.,he:Ienefits that are available from a manual.

.e.utr,,matic transmission reduces the engine lugging and
oversr...eij.ri.dt:azit frequently. occurs from inexperience. in

operating a manual transmissic: These factors are .a common

cause of,Ingine damage; their prevention, along with potential

fuel and maintenance savings, that can be obtained from using

anautomatic transmission, may Quickly pay fox the additional
-:';.c- k

first-cost:of an'autoMatic transmission-

REVIEW DRIVER EXPERIENCE LEVEL.
SELECT THE TRANSMISSION THAT WILL

OFFER THE BEST PERFORMANCE IN
YOUR DRIVING ENVIRONMENT.
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9.2 PURCHASING TO INCREASE-FUEL ECONO

Transportation managers ipn sch ol districts and com7-

mercialstrucking fleet operationS have discoverad that

significant fuel and maintenance savings can be Obtained from

the use of automatic translissions. 'The Springfield
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Pen.ns.ylvania school bus fleet obtained operation and mainten-

ance cost 'savingsof about 20 percent 'for 4eiii"cleS having

automatic transmissions as comilared to similar sizef vehicles

with a manual transmission in service between.1963-;0. They

have since obtained greatei savings, with the sewer automatic

transmipsions(2),' The Will Lakeirity Schoolt'
District, °hie, foundlithemaintena ce andfuel costs on

diese.1-p.4)wered buses having auttNati '-transmissions to be

iabolet 50 percint less that simil.ar sized gasoline-powered

vehicles with s ankard transmissions (3).
4

, Investigate and AvieTO the :.economics of automatic

jtransmis,s4ons for:the distr'ict's vehicle purchaseS'. Better

vehicle perforikanc, increased durability, and easier driver

handlingariw.important elements in maintaining fuel e.c.onom5.

As! equipment dealers for assistance. in evaluating the

economics Of your transmission choice over the life of-the

equipptnt.c Compare the operation and maintenance costs for-
.

each type of 'transmission over the equipment's life to

answer Question 4-for your'driving environment.

PURCHASE THE TRANSMISSION THAT WILL_OFFER:

1. LOWER_ OPERATING COSTS
2. BETTER SERVICING PERFORMANCE
3. REDUCED MAINTENANCE EXPENDITURES

FOR YOUR DRIVING ENVIRONMENT.

(2) Bobit Publishing Co., School Bus-Fleet., June- July, 1.977.
(3) Ibid., August-September, 1975.

..:

4-
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9.2 PURCHASING TO INCREAStFUEL ECON:014

QUESTION 5: WHAT TYP1 OF TIRES SHOD

'Tires are important from two aspe
struction affects fue u,se. tk_speeds
hour , tire re tance consumes ove
horsepower pro ced b "engine. The .r
a -sfadiallti is substart y lower th

X.A rad4.a ire can offer a ''.'"'---.ercent i
ee'cinomy ( .

, 1., . ,: :2; '

:... Tire replacement: cos--i %,-1-....x,i',ii.second fano-r ,t
,, e- .% , ,7 ;:.Tine failures can. account:, .-;,to 40 per.int 0-ge, 4: aa.; ..,..-....

--, s
. l,'''urns. Comthercial truc/kin5-' si : hav e .01ka i"&0.. .o'pe-474e:,f!:,.4..,-... .b ri:

,ac-.t0r- . 1,., -,z.- , ' :,:i ";3,.,1.:, , ._..)maintenance cost red4ctiens 'S.inzg s'steelb,eited.."--.AfetT',..tire,z.:".:-)1,:., .

( 5) . The average ;,.fuel. econ;pia4_ 0a,v;'"ings r4p,prt e iti,..12''.c.:iim-
-mercial fleets has been esisitied,at 4-.3 "POrc4iit(61-. The ..

Grossmont HisIgh -$S,:liool District an tif-rjrnia has" 'reported "I'',;.,
signifipant ti rior e a.pe :.i. It . .t. i r e Ll i g.e,:4 f r 'cm '14,e'''..4e.-,.. of radials .';;

.;she tires p r o v7i.O. rare:Iag e a7'' i e a s_:e d. 1.f e_ of '35 1i".erc'ent ,
o v e r t h e i r c o riv'irt. i 0 il'at*t± r i Yr,: '14'..i: .6h e x c e pt i 0-04,s : 32, a V60 g a"30

, N.-1. f "".'' ,-; .:.7/.
: , :" -. '-' d'percent ql-'4?T.( Tic: .4--";.:9-: , ..:, 1 .

...tr,'t .... -,-...: - ,41f . . . .le ett -haii:e. eicpei-iencqd Side', l: failure tprob..1d.
./.

with '0
t

. Join the= trend fleel..ekc.O.nvs.?es bit ohtact peers who ha,,te made the V: -itch.
mitice sure that a gOod t e.}e c on s' nia411, :

,,,A,
''V e ;7 t-

t
.

( 4) U.S. .Department.-of Tran.Sport,b:tion trttpt Interagency; gtu of
Post-1980 Goals for Coiimerial Moiorteh.ic les', Page 1.7--6 ,, ....1976; also refer to Feaeral Energ,4:A -1i4istratioA transper-; ,,tation studies available from Natienai 'ItIchriV$al Inforta-

% . Aition Service and Federal Energy Administratyon nrri-on,
D.C. . Iiii

1-
...(5)Re:fer to fleet improvement discussions presented- in

Bu-siness Journals , Inc., Diesel EquiPmen uteI'dn'tendento
Fuel Economy Is sue,--October , 1976.

( 6 )1Diets el Equipment Superintendent, FuelE y Issu'q;
October, 1976.

(7) Personal communications.
' fvr,

Sc.,



aS

r.

9.2 PURCHASING TO INCREAN FUEL ECONOMY
QUESTION 6: WHAT' .FUEL E60110Mt SAVINGS ARE O'BtAIN.A.ELE FROM THE
USE OF TEMPERATURE-CiONtIROLLEtT' FANS? ;

y( As shown below, engine we and fuel consumption arelit.
dePendent2upon.engine-ope ratingTtempeatUe.: In.,specifyinA:
-the recuirements for -your school,bP,S a7 number of 'op.tio-
aVailable to 'save -

PARTV ,
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A cooling fan i,s4ronly- req.y.i.r%d'part bf the time durini
. ..-.,... . ,normal vehicle operation.. Its 4peraticrn uses en.*.ine power

eall the time, A fan Ckutch or einperatui4-mo...duleseed fan
gr, 4,

I

reduces power demands I o;T -4,he Erigine.-0 Commercla.i ext

' It tt rperience has demonstrats'd4a.A.A.vgage of 5-8 plerce;nt savings3.0
"...In fuel- economy from using' tike autc at it speed ana vit c &Lis ;!..1.'.

...v.'"-..type fans. Consider t..h.es.b-optiln,s -in yo r` purthias,4_____:.they----,

,..r ...,,4- ;can also be installed on the curs i . ---, :-...,. . ,.Shutter' devices are ,als,o ay4,1.2,able tVehelp makhtai;n r ..;.t.-i..,-.
---4. . - ,- ,. ,:.--:! K.r z,

Cptimal engine temperature. ..r1Lhis option may be. rih.'in .-t',..--f''''
a...' i'' f r

vestigatiot for use in yourt:541;ee-p-- ,if tegferature tntrbl'. i6.1',"
. .a problem. High-temperatuPe/theino Its an also . help ith'e .,..

..4engine to operate. in its most .efficien-V teMperat6re range' for :
-better f- economy. at AS 2

. ei:.Air .I' 77.-

FUEL CONSUMPTION VS. OPERATING TEMPERATURE

30

20
RELATIVF
FUEL USE

INCREASE

(PERCENT) 10

1 , 0
0

.- 200 175 150 125 100
. -

ENGINE OPERATING TEMPERATURE (F0)

FUEL_
copaqmProt4

. 'ENGINE WEARcVS. OPERATING TEMPERATURE ,

pt
600

2

4it
150

RELATIVE
ENGINE WEAR,
INCREASE
(PERCENT) '

200

200 175- 150

ENGINE OPERATING TEMPERATURE (F0)

125 i00

SOURCE: FLIFI SAVINGS EQUAL BIG DOLLARS AT
McDONNELL DOUGLAS, DIESEL EQUIPMENT
SUPERINTENQENT. OCT., 1976.

7
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912 PURCHASING TO INCREASE FUEL ECONOMY

. QUESTION 7.: WHAT OTHER OPTIONS ARE AVAILABLE TO SAVE FUEL?

DERATING THE ENGINE

If school buses in the fle'et have power to spare, con-.

sider derating the engines to save fuel.. -ThiS is a simple,

procedure to reduce available .horsepower and fuel consumption.

Commercia2 fleet' experience has demonstrated good flitel:

savings from this practice(8):

TURBOCHARGING

A turbocharged engine:available primarily on 'd,iesels,,

captures the waste exhaust gases and. uses this energy to pack

more air into the engine. .Turbocharging improves engine per-
..

formance and reduces fuel use. A turbocharger on e'240 horse-

power naturally aspirated diesel engine has been shown t9
improve fuel economy by over percent(9).

GOVERNORS

An engine speed governor limits th.e maximum engine 'speed
that can be obtained. If the school bus is driven slower,
this saves fuel. The use of a road:speed governor can be an
ideal solution when it is desired to reduce maximum vehicle

speed without changing engine power availability.

This fuel saving equipment can be retrofitted to the
current fleet. Do not overlook the opportunities for saving
fuelby retrofitting the current fleet:

(8) Refer to the publication rrevred by- Cummins Engine .Co.
and -republishea%)Dy the Federal Energy Adthinistration:
Trucker's,Guide to Fuel Savings, March,. 976, for
additional information; Also see,the'Ferkral 'Energy
Adtinistratidm publitiOn FEA/D:77/0-68 which lis
available Energy Conservation Publications:

(9) 65,000 lb., 13:5 -foot high tractor- trailer comb nation.

9C,



9.2 PURCHASING TO INCREASE FUEL ECONOMY

QUESTION 8: WHAT OTHER EQUIPMENT IS AVAILABLE TO- HELP THE
DISTRICT SAVE FUEL?

Performance recording devices, alarms, and radio equip-

ment can help to save fuel. Each is brfiefly discussed.

PART V
GUIDELINES FOR

7.4--,,INCREASING FUEL
ECONOMY.

°

USE RECORDING EQUIPMENT TO PROVIDE PERFORMANCE DATA WHEN THE
DRIVERS CAN'T ao,IT ALONE

..Recording devices do. not save fuel directly. They.pro-_,

vide a mechaniSm for monitoring engine efficiency and fuel use

during vehicle operation. Analysis of engine performance data

can provide insight into the type' of driver educat-ion and

training that may be needed:to increase fuel economy in your

school dist,-ict:

Tachographsarey-aical of such eauipment. They record

vehicle speed or engine rpm. These kharts can record driving
. teriodi from 12 hours to a full month. They may be .used to

recorddrier7vehicle performance Characteristics such as

excessive speed, sudden braking, engine lugging-, and engine

idling. These factors heavily influincf fuel .economy. This

information is useful in helpiipg thelpitaff drive. better by
pOinting cut the mistakes that, are mae-.

0 .

I:',STRUMENTS CAN 4,172,',.:SED TO' INDICATE .OP RATION PERFORMANCE
St-

Instrumentation is available to 46%rn the &Aver when

conditions occur that waste -fuel. These systeMs cost between

-$50-$200;-they:May, bd used to monitor.:such things as oil

p-ressure, irItake manifold vacuum, -)fuel flOw, and temperature.

They help th-e driver Ave ,fuel by alerting him when dangerous

or fuel wast:ing conditions occur.'
CONSULT YOUR EQUIPMENT DEALER FOR

INAYRMATION ABOUT AVAILABLE
INSTRUMENTATION THAT CAN HELP THE

BUSTDRIVERS SAVE-FUEL.
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9.2 PURCHASING TO INCREASE FUEi:0;0140MY
RADIO COMMUNICATIONS CAN TO MAI

School buses .can be eql4p.pea.:with a citizen's band' (CB.)

radio for a cost of .$12-$20.0. or 1..ith,more expensive tusiness-

band FM systems runhins. from $300-$1,000: The: CB, u .is 'less

expensive:, tut its. transmissions are- more prone to static and

1 .

NTAIN BETTER FUELifONOMY.

interference than areyFK.transmissions.

Two-way FM equipment is more-powerful than CB radios--

from 10 t-o 100 watts or more as' compared to a maximum of 1

watts for the CB unit. The license authorizes the school

system access to one specific broadcast band resulting in

exclusive or near - exclusive use of the channel, depending

upon the area it is used in.

Two -way. radios offer an opportunity for immedi,ate dis-

patcher- driver communication and.are valuable for

a

and emergencies.

RADIO
FREQUENCY

BAND

3 105

FREQUENCY
.ALLOCATION

COMPARISON OF CITIZENS BAND (AM) "ND
FM RADIO FREQUENCIES

3.106 3 107 3 108

re-routing

3.109

MEDIUM
HIGH

FREQUENCY
VERY
HIGH ULTRA HIGH

FREQUENCY (SHORT WAVE) FREQUENCY FREQUENCY

A .

_ -

AMATEUR AMATEUR AMATEUR

AMl 4ERO MOBILE

DON

FM

VHF-TV VHF-TV

poi!
M9JJ,JE

,

ELECTRONIC
ITIZENS COOKING

UHF TV

PUBLIC
SAFETY

. SOURCE: HIGHWAY RESEARCH BOARD, "RADIO SPECTRUM'
FREQUENCY MANAGEMENT," NO. 13, 1972.
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9.2 PURCHASING TO INCREASE FUEL ECONOMY

EVALUATING PURCHASING DECISIONS

In addressing Questions 1 -8 on the prfor pages, it will
. be found- that.numVroUs optiOns are available' for, purchasing

fuel saving equipment. Each option will require a different.

level of expenditure and. in general, will not have the same
useful life or benefits as-other equipment which could be
purchased. The district should evaluate and classify the in-
vestments, based upon their benefits and oosts. The following-
pages offer guidance in performing the benefit and cost

. evaluaeions.for each potential,purchase. Use the methods pre-
.sented to measure the worth of each fuel saving investment.

After.investment.Woith has been determilfed, classify the
/

investments and rank them in order of value to the district.
.The following criteria can be used in this:classification.

INVESTMENT.CRITERIA

CRITERION ( ISSUE ADDRESSED
Degree of. Necessity 1. How necessary is the invest-.

ment to save fuel? it
needed night. away? How will
it impact operation cost
savings?

2. How muchcash is .required for
the investment? Is. the cash
available?

3; How large are.the savings?
How quickly will the savings'
be returned?

Ji0w important is the invest -
ment for the operating unit,to
reach, its erlergy saving goals?

Investment' Risk .5. What uncertainties are pres-
. ent? What risks are --as-soci-

Ited with the investment?

Cash Outlay

. District Benefits
Payback,

Functional Unit
Benefit§ Payback

Resource. Availability .6. Does the investment require
additional equipment, space or
labor resources? Are the re-
Sources available?
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9.2 PURCHASING TO INCREASE .FUELECONOMy
'FIRST LEVEL MEASUREMENT OF PURCHASING BENEFITS'

Investment-payback period (PP),and the return on itvest-
.

ment (ROI). provide. a first level of measurement indication

about thevb.lue:of eaccob purchasing decision.

The equation for payback period is:

COMPUTING PAYBACK

PP
FC
S

= Investment First Cost Less
4. Salvage Value ($)

= AnnUal Savings, ($)

The disadvantages of using payback. period to evaluate

fUel savng strategies must be recognized. They inc1.1.4e:_

1. No consideration toschool district cash ficy,

2. Neglect of the opportunity cost of capital. -

. Failure to discount costs occurring at dIffereInt
times ta a common base-far comPasatiVe analysis.-

On the other handthe technique, has advantages which

include:

1.: Provision of useful data for evaluation
purposes.

2. Offers a goo& analysieframeworkijoe short
7 time period investments. ..

3. Offers a basis for investment evaluation whe:n1"
the expected life of equipment is uncemtain.ir

Return on investment may be computed by:

-,...,

.: ----N , I \CALCULATING RETURN ON INVESTMENT

ROI _
FC

S - DP
x 100%'

, x,

whey DP = Annual Straight Line DeprecdationT$f
Oven:Equipment Life (L) YeS.rs

":,90,
7 .
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FIRST LEVEL MEASUREMENT OF.PURCEASING BENEFITS

As an example in theuse.Of the return on investment,

assume that ConsideratdOt is being given to the pUrcha§e of a-

diesel- powered school bus iThIch .has, e.n additional'fAst

4of $4,40 Ovef._.itS gasoline-powered counterpart:- The invest
meat data is summarized s̀ follows:-

.

INVESTMENT SUMMARY

1. Additiohal first cost for diesel
engine a ompared to similar
hdrsepOwe 'gasoline engine for
t.he selected schooI-bus:--

2: Added salvage (trade-in) value
:of.diesel'over gasoline gowervd
;bus:

3. . Period-of analysis (.straight
line deprecdation):.

$4,500

.$2.,ocfo

7 Yea;-s7

. Assume the,school bus will ledriven 12,000 miles

annually. Fuel `savings areimated at 8,,25- gallons each

year' as shown:

PART V _

0.-:OWDELINES FOR.
INCREASING. FUEL

ECONOMY

SAVINGSiTHIS YEAR

.GAS13L111E DIESEL
MOD2L- MODEL SAVINGS:
. .
2;oao 1,175 825 -

ITEM
Average y Fuei;,
Used (4116 P) (19)

Fuel. Qost. CZ1)
Nonta/able Fuel, @ eg711
Nontaiable 520/gal
Egrtitimated: Yea7r y Fuel°
Savings

".7

,2,(1:
$6 1.

$529

T6hicle,downti'Meand
as $571 annually.

maintenance

ANNUAL
-

Maintenance (Labor &
'Based On .$4,000 Over

saviAgs are

MAINTENANCE SAVINGS.

$571rials)
ars(12)''

--(10).UrbanTSuburban,driving1
(11)Entez*yOur.fupl.csts he
(12)Assumes "145.1361

ins ections.and 125,0.00
ove hauls.

ronmen:t
,

hen performi,ng-the .analysis.
betwee.#0p end

or. more betweehMajor

°

9;-.;
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FIRST LEVEL MEASUREMENT OF PURCHASING BENEFITS
; The annual dollar:savings for the example

atotal $1 1-00: -4

ep

ESTIMATED AVERAGE
ANNUAL SAVINGS

Fuel Savings
Other Sayings

-Total Sa*.ings

$ '529
$ 57.1

loo,

4is &us sed

Using the infroirmation presented. on pages 8.2-83,- the pay-
back period for purchasing 'the dieselLpower4d bus, is .(13)

ys First Cost - Salvage,
S - Sevings

[$4,500 - $1 000. 3:2 Years.$1,21,00-

The yeai-_,1y) ,straight-line -fieprecia.tian value is 13:
- $14,500 $01,000= ,"$506.

.1; 7 Years
,

_The return on 'investment is 'calculated as':

DP x. .100$
0: - F.0 .. , . . :

[.$fl:;,i.00.- $500 i .

--t_

The purchase of a diesel engine for- .th school bus looks
Seattractive; it will be-evaluated, in greEcter cl.eptn( .Qn the'

.folloWing 'pages.

ENERGY CONSERVATION PURCHASES ARE:AMONG
'THE MOST ATTRACTIVE INVESTMENTS THAT

THE SCHOOL.DISTRICT CAN MAKE; .

..-
(13) Value of the -dieSel'..engiine; note thatYyou -should Us:a

.your 'AelstediatiO1 Sn chedulefor the 6omplitaei...
.
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SECOND LEVEL MEASUREMENT OF PURCHASING BENEFITS

Second level purchasing analysis incorporates an allow=

ance for the time value of money in the form of a discount
factor. A dollar held today is worth more than a dollar helik
in some future time period because of the use of that dollar

between now and the future._ Present worth analysis (lit). offers

a way to evaluate future saving's in terms of tOday's dollars.

Present worth analysis offers a method for evaluating'
0

benefit-cost ratios (B/C) for the district's investment.\ The

formula for calculating the benefit-cost ratios of fuel.con-

servation investments is shown pelow. Examples of uniform

presentworthfactors used in the calculation are shown on

page 88.

The internal rate of return (IRR) can be computed to

'determine the discount rate. Similarly, sch'ool administration

may specify discount rates based upon such criteria as bor7

rowing (interest) rates for financing the investment.

BENEFIT -COST ANALYSIS
13 'Benefits Present Worth ($)
C Costs First Cost ($)

. .

or

B Annual Savings Present Worth=
($) Factor II

First
Cost

4%,

(14) Also referred. tc as Present Value Analysis,; the term
"Present Worth Analysis".is used so as not to confuse the
reader with the "Value Analysis" technique preseted in
Part IV.-
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SECOND LEVEL MEASUREMENT OF PURCHASING BENEFITS

Recognising that fuel prices will increase in the

future, the benefit-cost ratio equation should.be modified to

take this into consideration. The.
4
average annual fuel. cost

increases over equipment life cart be determined by the

-follOwing relationship.

Average'Annual FuelA Average FuelFuel COst
=iPrice This Year x Price

Over Investment /At Gallon) Increase
Period ($) Multiplier

The

follows:

fuel

Fuel

price inc -rease multiplier

Price Increase
Multiplier

is

(1 + f) N
-

computed

1

as

Reference
-page 88 lJf x N

where
f = Estimated Anzjial Fuel Price Increase (4)

N = Analysis Period --(Equipmet Life) Years

-The- benefit-cost ratio equation shOwn'On -page-85 maybe
J.

written as follows to incorporate the fuel cost considera-

I

BENEFIT-CO§TANALYIISMETHOD.
GIVINGCONSIDERATIONTO FUELPRICEINCREASES

° A11 Other
nfual

_
Average

-'
'Fuel Fuel_Trice Annual x - .Yesent-
Savings X Increase Savings .*Worth
($) Multiplier___ ($) Factor

'..

Cost
)

-(15)

(15)AVerage annual fuel savings = annual:Al.:savings (saving
this year) x fuel price increase multiplier.Also note that--
First cost = investment first cost less salvage value.
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SECOND LEVEL MEASUREMENT OF PURCHASING' BENEFITS

The uniform present worth analysis method may now be. used
to calculate the benefit-cost ratio for the example presented
on pages 82-84.

Assumingssuming A discount rate of 5 percent; the present worth
/

1

factor:is determined to be 5.786 for a 7 year lifetime (refer
to the table on page'88(16)).

.

, An,annual fuel price increase of 12 percent is projected-
.

over the 7 year analysis.period. The fuel price.increape
. multiplier to represent the average fuel rice based upon the
projected increases over the analgsis.period is computed to
be 1.44 as shown below(17).

Fuel Price [1+.12)7-/1 [2.21-1.]
1.44Increase .Multiplier (.12) x (7) .84

The first year fuel savings total $529. Maintenance
-cost savings are estimated to total $571 annually (see page

* 83). The first cost of the investment, less salvage value, is
equal to $3,500 (refer to page 83) . . Entering 'these value into

0
the henefit--cost.tratia equation'on page 86 results in: t

(.529 x 1 . 4.1A1 $571) x (5.786]
C $3,500 w

i($1,333) X (5.786/ $7.,713
f.20.$3,500 3,500

..Ihe,purchase repres'ents a profitable investment and will
return $2.20-in savings to the school disttict for each. $l,

invested in purchasing the diesel-powered bus.,

(16)Use the.formula.shbwn on page 58 to, calculate present
'worth factors (PWF) for Others dis'count rates not shown in-
the table.

(-17)Refer to the fuel price increase multiplier on page 88 .
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Ni
UNIFORM PRESENT WORTH FACTORS

.. DISCOUNT RATE (D)
10% 15%

0.870.0.909

2.7434
1.626

3.170 2.855
3.791 3.352

341748857

4.355
4.868 4.160
5,335
5.759 4.772
6.145 5.019
6.495 5.234'
6.814 5.421

LI FETIME
(L)

0

1% 5%

1
2

3

5

,6

7

8

. 9

10
11
12
13
14
15
16
17
18
19
20
25
30

35

0.990.)
1.970
2.941
3.902
4.853
5.795
6.728
7.652
8.566
9.471

2.0.68
1.2,5

12.134
. 13.004
13.865
14.718
15.562
16.398
17.226
18.046
22.023
25.808
29.4c9

0.952
1.859
2.723
3.546
4.329
5.076
5.786
6.463
7.108
7.722
8.306
8.863
9.394
9:899

' 10.380
10.838
11.274
11.690
12.085
12.462
'14.094
15.372
2.6.374

+ - 1
PRESENT VALUE =.

YVIER£ i = DISCOUNT RATE

N = INVESTMENT PERIOD.

5.58.3
7.367
7.103

5.725
7.606- -5.847

..\

5.954
78.80222 _6.047

6.1288.201
8.365 6.198
8.514 6.259
9:077 6.464
9.427,= 66:5666

9.644

Use the formula for rates
tot shown in the above table

FUEL PRICE INCREASE MULTIPLIER VALUES

ANALYSIS PERIOV ESTIMATED ANNUAL PRICE INCREASE

YEARS (N) u 4% , 8% 12% 16%

;c

3 1.04 1.o8 1.12 1.17
5 l.08 _1.17 1.27 1.38

7,. 1.13 '1.27 1.44 1.63
1.0 1.20 1.45 1.75' 2.13
15 1.33 1 l 2.4

REFER TO PAGE 86 FOR FUEL PRICE INCREASE MULTIPLIER EQU TION.
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SUMMARY, OF P

Review

det ermine, wh

economy. C

school buses)

NCREASE FUEL ECONOMY

ASING ZIPS

e district's transpo7tation operation to
.

new equipment purchases mayincreae'fuel

ider diesel powered, automatic .transmission

th turbocharger options thetuse radial tires-.
to help the school district obtain optiMal fuel economy-When

economically 'feasible. Also review the opportunities for,

ret'rofitting the current fleet by taking advantagA.of fuel
, .

saving options such as engine deratingt radial tires, anal

temperatare,-modulated fans among other measures that were
discussed. Compute the benefit -cost, ratio. for each 'fuel

economy investment and rank the investm4.
Tips ',thhat7 card help th-e,, district hold down.coats in, an

era. og spiraling inflation include:

;. Purchase die -poWered:scbcol busses.

2. Look at the opportunities for further
increaping diesel fuel economy.by
purchasing a turbocharger.

Review.the benefit of radio
Cortmunications.

4, Consider aerating engines,of the
.current fleet if vehicles hEtve power
to: spare.

5. Make use of governo-rs when necessary
to save fuel.

6 Specify a fan clutch or temperature-.-
modulated fan-to reduce engine power.
demands. .

.

Consider a high.-temperature thermostat
or shutters .for your school ,bus to.h:elp
keep the engine.in the high efficiency.
operating ranger

PURCHAU A SMALLER BUS!

n 7.

PART V /-
GUIDELINES FOR
INCREASING RM.

ECONOMY .
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9.2 PURCHASING TO INCREASE FUEL ECONOMY

SUMMARY OF PURCHASING TIPS: CONTINUED.

8. Use radial tires.

-9. Pel4form a benefit-cost ratio analysis
to evaluate equipme4t purchases.

' 10. At minimum, compare fuel savings payback
and return on investment of equipment
purchases.

11. Develop specifications for the purchase of
all eqttipment that uses energy.

12. Do not purchase inferior equipment to save
money if it uses more energy.4,

13. Purchase the smallest bus' with thesmailest
engine offeringthe most efficiency that
fulfills transportation needs.

14.: Select school buses with streamiined
frontal designs whenever. possible.

25. Select the smallest engine that is adequate
for your district's power needs.

16. If. ptssible, select an engine-vehicle cam-; .

binaionthat can be easily and inexpensively
maintained and which offers the best fuel- .-

e.

'economy for yourdriViAg environment.

17. Specify a ldw numericarrear-axle ratio.

18. .Select only the power. accessories necessary-
for security and safety.

19. Purchase instrumentation i-f the drivers
cannot do it alOnes.

20. Don't buy gasoline with octane higher than
is necessary :Co eliminate knockihg.

.21. Select the transmission that offers the best:
performance in your driving environment..

22. iUse maintenahce and fuel economy historical
information for decis on-making.

23. When practical, orde parts. and supplies In
.v fume to obtain the est price.

A

;24. you have a small fleet, combine purchases
with other districts to gain )7purchasing
poWer."

25. Purchase. fuel by the truckload to obtain
discounts. 4 - /

3

102
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SUMMARY OF PURCHASING TIPS: CONTINUED,

. 26. Base all'purchase decisions on.fleet
performance-data.

_,27: Standardize the fleet as much as possible
to allow for better inventory control and
volume purchases; this also may r,educe.
'maintenance training needs and result in
better vehicle servicing.'

, s
28. have a used bus chckeli by -a diagnosti&

center before.purchasing; include fuel
economy cons.iderations as selection
criteria.

29. Inventory parts and order for a full school
year on. a.planned basis to obtain .the best
price.

'30: Keep abreast of new equipmnt that saves
fuel.

31. Retrofit the fleet to. save'fuel; the
retrofit of an electronic
system is an example of !ftel saving
practices.

32.. Replace, or repair -$1.5.ses that use excessive
as soori.as it is economically feasible.

--

c--

,

0

.

PURCHASING IS AN IMPORTANT PART
'OF FUEL ECONOMY MANAGEMENT.

. MAKE THE MOST OF EACH DOLLAR.

PURCHASE WISELY.

PURCHASE FOR FUEL ECONOMY.
.
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9. DRIVING FOR OPTIMUM FUEL ECONOMY

DRIVER ATTITUDES AND FUEL ECONOMY

:= Driver motivation is a very important. element'im the.

'distribt'S fuel economy management Program. School bus

drivers, for the-,most part, are not highly trained specialists

who have spent several years in preparation for the task that

they must perform. Yet, they. can make up for this with a

proper attitude and "behinA,the'wheel" experiene. 'By,

exercising good common sense and having a sincere desire to

save fuel, they' can be-highly successful in driving safely

and in squeezing moreemiles from each gallon of fuel if they
. -

are properly instructe& and motivated. Attitude is the
4

difference between success and failure.

The driving staff should be trained to use techniques

that offer improved fuel:economy. Incorporate a unit:on

"d?iving for increased fuel economy" in the training program:

Each driver must aoceptthe responsibility for the vehicle

assigned--a very special andvery expensi.Vevehicle. PrOvide

drivers with the knowledge and motivation to drive safely and

to .conservefuel.

This section offers tips for motivating and,training

the district's school bus drivers to drive for more miles-per-

'gallon.. Driving'practices that lead to,greater fuel economy

are listed on.the following pages. These practices can be

'incorporated into a unit on "fuel econom4," in the driver
\straining prograIl. ,Provide your. bus drivers with,-the infor-

mation they need to drive for :wre.miles-per-galloil; mEtivate

themkto drive safely and to drive for greater fuel economy.



.
9.3 DR WING FOR OPTIMUM FUEL ECONOMY

. 4

DRIVER MOTIVATION.

- Motivation is an important: part of obtaining and main-

taining optimum fuel economy. Review the following,tips. for

keeping driver motivation at. a 'high leVel.

0
TIPS FOR MOTIVATINDF9VERS -

TO DRIVE FOR GREATER FUEL ECONOMY

PART
GuiDEL1,\ete'
INdREA,Oor

ECONN

Re-examine the driver training program; bring it up
to-date to meet the distritis fuel economy management'

, and obActi-14,es.

as-..

4 :
\ , .

.
Develop a spirit -of -friendly, competition ,ambng drivers;
discuss this ifti the driver training program.

..-.
. (

Post weekly oi° monthly vehicle and driver fuel consump-
tion lists; give, drivers recognition for a'jpb well done:

0 Post a. chart comparing current fuel savings to the
district 's- fuel economy management goais:. Show the
sttcaff' how much fuel has been saved.

Use driver progress reports. as a mechEinisl for kee.ping
motivation high.

Place fuel' economy literature in .pay envelopes on a
Periodic basis.

Publicize good lierformance; giv,e the ,drivers-
.

recognition.

Appreciate good, performance; thank drivers for a job
well"done.

Solicit.ideas from drivers-to improve fuell
perfonnarice, in the school district.

economy

EXPECT MORE. THE DRIVERS CAN DO IT.
GIVE THEM REASONS TO DRIVE
FOR GREATER FUEL ECONOMY.
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9.3 DRIVING.FOR OPTIMUM,FUEL ECONOMY
An impromptu meeting.held.ea&hmorning before driyers

start their rums, or at least once a week, is a god vehicle 1

'for-dicussing bott fuel economy acid safety proiemst Drivers
live-in,difrenettpas of thel.CommUnity, Such a meeting
allows, for diacuSsion'df.weather conditions, detpurs road-

hazands, and other factOrs that can' affect fuel ectnomy. and
-Safety. This.meeting als\o provides an opportunity,for
drivers-and supervisor's to discuss other'issues of importance.

-,

DRIVER-VEHICLE RESPONSIBILITIES

' THAT SHOULD BE A-PART OF EMERY MANAGEMENT PROGRAM.

0 Practice a regular program of daily vehicle inspection
using ,prescribed procedures. ;

' Make sure that oil and' water. levels and tire inflation
.pressure are proper and that no loose wires or.. hoses
are pr'esent.

Listen for trouble- make sure. that theengine sounds
right and no unusual noises ,occur.

1

Feel for trouble--make sure the brakes hold the vehicle
and it accelerates properly.

0 Look for trouble -- check all gauge-s to make sure they
are reading correctly.

Smell for troupe- =make sure no unusual odors are
present.

Be mentally alert.,

Be physically alert...

Report any occurrence of a vehicle problem.

Las', but not.least, drive defensively and drive to
save fuel.
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9.3 DRrVING FOR OPTIMUM FUEL ECONOMY

"FUEL ECONOMY" AS A :PART OF THE DRIVER TRAINING PROGRAM.

The driver is with the bus every.day and is the person.

most likely to notice faulty vehicle operation which can in-

crease fv.el/consumption. Drivers.can prolong the mechanical

-life of. ,each bus by making maintenance aware of problem.

Emphasis upon di.iver re=education to increase fuel

PART V
.GUIDELINES,FOR '
INCREASING FUEL

.ECONOMY

1

economy expertise pays numerous dividends. The more'knowledge

drivers have abqut their equipment and t'he' fundamentals.of,

operAtion, the better position they ar'e in to drive .for.

maximum fuel economy.

0
E

MANAGEMENT TIPS FOR HELPING DRIVERS SAVE FUEL.

Re-ed-ucarte-drivers to use techniques that lead to
increased fuel econOmy- refer to Chapter 5 to review
the factors that affect fuel economy..

Hold workshops'with mainte'ance and driver personnel
on a periodic bags to consolidate fuel saving
knowledge.

Train new drivers while the Is is "dead heading;_t-o
save, fuel..

Enforce a' maximum speed limit.

Make drivers aware of the fuel economy penalties of un-
authorized stops.

Make'rdriverk aware of the fuel economy penalties due
to unnecessary engine idling. '

Develop incentives for reducing vehicle 'fuel
consumption in your operation,. .

Post fuel consumption results; recognize performance.

INCENTIVES AND EMPLOYEE RECOGNITION
FOR ''..1013 WELL DONE"

ARE AN IMPORTANT PART-
.OF FUEL ECONOMY MANAGEMENT.

/".
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93 DRIVING FOR OPTIMUM.FUEL ECONOMY

"FUEL ECONOMY"- AS A PART OF THE DRIVER TRAINING PROGRAM

IncOrporp.te a unit Ion driving 'pr bettecNel economy

into the training program and test driver skills. in the road,

The criteria that allow- a. vehicle to obtain increased

fuel economy are:similar in many 21g.spegts to the Vasic

test.

. ,

skills that are nreeded to drive more safely. All. School
bus drivers shou.d be examined to make 'Sure that they have

mastered these skills.

SCHOOL BUS. DRIVERS ROAD TEST SKILLS
THAT DEAD TO,FUEL SAVINGS

o Pre-trip inspection checking equipment thgit.
affects. fuel consumption such as oil level . and.-
tire inflation pressure.

Starting and stopiing. the vehiclehaving skillg'
to accelerate and decelerate gradually.

Dr iv ing ,maheuvers --pas s ing turning, and "driving
it as constant- a speed' as. is possible to .maximize

'vehicle -ttiles--per-gallon3. lookig -ahead. to avoid.
danerd-us and, fuel wasting situations:.

o StOpPineLSInitting the . engine off when the bus
will be stopped for more thah i minute: z.

o Driving speeds -- maintaining, speeds that are safe
and result in more- miles- per- gallon.'.

o Post -triprecording fuel 'consumption and reporting
problems:

/

- -

PROVIDE THE PERSPECTIVE FOR DRIVING SAFER
AND FOR DRIVING TO GET MORE MILES-PER-GALLON..

1.
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A .

TIPS IN.STARTING THE SCHOOL BUS

O
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Always remember the pre-driving inspection check--look for
trouble, feel for trouble, smell for trouble, and
listen for t5,o.u.4,1e.

°Drive away soon aftet turning on the,engine; prolonged
Ei "Warm up" is not necessary. Drive SfOwly untilthe

.engine warms bup. Maximum economy e ob7:
' tai ned until the engine has warmed up. '

-Ljack rabbit starts are fuel
wasters nd can harm the engine.

0 Run through the lbw gears gently, but quickly, into
the:higher gears which are the most efficient fuel,
economy range.

SHIFTING FOR MORE MILES-PER-GALLON

ElDon't lug the engine--this places a severe strain ot
components such as bearings and cylinder walls and
results in premat e engine wear.

i
TYPICAL MILES-PER-HOUR TO BE REACHED

BEFORE UPSH I FTING OR DOWNSHIFTING

1 to 2 Gear 7-15 M.P.H.
2 to 3 Gear' _10-15 M.P.H.
3 to 4 Gear 20-25 M.P.H.

5 to 4 Gear 30-35 M.P.H.
4 to 3 Gear 15-20_ M.P.H.
3 to .2 Gear 5-10 M.P.H.

1+: to 5 Gear 30-40 M.P.H. 2 to 1 Gear Stop
NOte: MPH will vary slightly depending on the engine make,

transmission, gear ratio, and terrain,
c,

Source: California Scho.401 Bus Hapdbook,.1976.

Don't skip gears when upshifting with a load.

Shift into- higher. gears as soon as possiblewithout
lugging the engine.
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9.3 DRIVING FOR'OPTIMUM FUEL ECONOMY

TIPS IN DRIVING FOR FUEL ECONOMY

o Observe speed limits; keeping-the vehicle's speed.
low Offers safety and fuel economy behei'its.

Drive slowly. on unpaved roads and roads with sharp
projecting-stones. '

1

Drive slower on curves.

_Drive defensively and brake sparinglyevei.y time
the brake is applied, inertia is reduced and extra
fuel is required to bring the vehicle back up ,to
cruising speed.

i.

o Keep proper distance between the bus and the vehicle
in front of it;' driving too close is a safety haiard, .

it also necessitates .extra braking demands.

o Diive at .a steady and as near as constant a speed as
is practical. Keep an eye oa traffic far ahead of
the bus to helPplan-ahead..

Change lanes smoothly, don't pump the gas pedal
unnecessarily.

o Don't. ride the clutchnever use it to hold the
vehic10on-aaiiincline by slipping it.

:
o When app/loaohing a hill, builO up speed gradually,

but early-antain it until: the. vehicle is nears
the crest 'iet'the'potential energy
of the 'vehicle rower':, to maintain speed.

. .

o USe the sani,epractl-awhen7driving back to the bus
terminal that y912-4,7t4i4 use when transporting.
pupils. ,.

f

MAKING DRIVING FOR FUEL ECONOMY A PERSONAL CDNTEST.
4

; I 1 C
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9.3 .'DRIVING FOR OPTIMUM FUEL ECONOMY

TIPS IN STOPPING THE SCHOOL BUS

If the bus is going to be stopped for more than 1
minute, shut the engine off.

Never speed up the engine before turning off the
ignition.

RECORD KEEPING AND FUEL ECONOMY

Accurate. measurements are ax important part of obtaining

and maintaining good. fuel 'econom'y. 'driecord fuel use daily--;0.

to the nearest tenth of a gallon if. Tossible.

Try to,havle the fuel tank filled up to the same level

each time. Also try to have the bus im the same position

during, fill, ups. 'This will allow more accurate gas..mileage

information be recorded.

Today's Puel tanks are irregular dm shape and can contain

air pockets. Fuel use should be/recorded daily, but it is

better to calculate fuel consumption over a span of at least

three to five fill-upg to make` sure the possiilities of

error are reduced.

Use the following table as a guide for recording fuel

economy. Compare the economy in subsequent-weeks. A

frequent check of the miles-per-gallon will ictentify:

potential problems and indicate wten the engineis not

performing at peak efficiency.

DRIVE SLOWER!



PART V ,

GUIDELINES FOR
INCREASING FUEL

ECONOMY

9.3 DRIVING FOR OPTIMUM FUEL ECONOMY

FUEL ECONOMY RECORD

VEHICLE DRIVER

PERIOD READINGS
PRIOR READING

DATE

ODOMETER
READING.
(MILES)

(1)

FUEL
(GALLONS)

OIL
(QUARTS)`

DATE

DATE

DATE

DATE. (2)
Carry Over ,T
New Sheet

(3)

Carry .Over To
New Sheet

(4)TOTALS

PERIOD READINGS
DATE (2.)

DATE

DAT E

PATE__
DATE (2)*

Carry Ovei
New Sheet

(3)

Carry Oyer To
New Sheet

(4)TOTALS

7

MILES DRIVEN = (2) - - (1)

FUEL (GALLONS)= (3).

FUEL ECONOMY -
Miles Driven

Fuel.(Gallons)

- _OIL USED = (4)

Miles. DrivenOIL ECONOMY
Oil Used MPQ

CONSULT THE U. S. APARTMENT OF TRANSPORTATION
PUBLICATION SERIES FUEL ECONOMY THROUGH

YEAMINORK, PUBLICATION NO. 3, FOR POCKET-SIZED
RECORDING GUIDES.

112

MPG
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9.3 DRIVING FOR OPTIMUM FUEL ECONOMY

'ADDITfONAL TIPS TO INCREASE SCHOOL BUS MILES-PER-GALLON

1.° Maintain a 4eady, soft foot on the as pedal.

2. Don't pump the gas-pedal.

.. Observe the speed limit. Don't speed.

4. Accelerate smoothly from a stop and when changing
speeds.

5 Anticipate. stops.

6. Watch traffic far ahead so you can.plam traffic
moires early; use the brakes sparingly.

7. Never ride the brake or clutch.

8. Merge smoothly; time vehicle appi-oaches.

.9. Adjust driving methods to road conditions.

10. Minimize or eliminate engine warm.up time.

PART V
GUIDELINES FOR
INCREASING*JEL

ECONOMY

11. Drive slowly during engine warm-up periods.

12. At intersections on a hill use the br.ake instead of
-the clutch to hold position.

13. When starting uphill use the brakes to prevent
rolling backwards.

14. Don't start the enigine until everyone is ready to go;
avoid ja.ckrabbit starts.

15. Don't "rev up" the engine .before turning off the

16. Turn off all power consuming systems before turning,
off the ignition.

17. Shut oV the engine if the vehicle is going to be
stopped for more than one minute.

18. ThinKfuel economy..

19. Avoid fuel spilage when refueling buses.

20.- Maintain patience, courtesy, and good humor.

211 Make driving a personal.contest; try as many fuel
economy operating techniques as possible.
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.9.4 PLANNING TO INCREASE FUEL ECONOMY.

BUS ROUTING AND. SCHEDULING

RoUting and scheduling represen% areas where many .

gallons -of. and capital outlay dollars can: be saved in

operation. RoUting- analyiis is' a highly complex ciperationc
. .

'or the average school district. Effective routing of

school buses requires -.much time said effort to evaluate the

interrelationships of the factors listed do the following

page. ,Gooe routing .Practices are. based. on- three principle

factors : safety, efficiency, and fuel economy. Scheduling

Similarly, represents the key to transporat ion syst.em:

effectiveness in con,Tunction with _defiwing the optimum, routes .

. .

Each route should be designed to load .each,.buS to legal

capacilty . Pupil age, health, and physical condition, along

with trip distances, 'road conditions, schoo,l-scheaulas and

Federal and State Government regulations have to be given

consideration in route design and in matching the vehicle to

the' route.

'Pupil. loading and unloading points should be designated

so 'that they support pupil transP6rtation efficiency In a

safe and economical manner.

ROUTING ANDSCHEDULING ARE THE MECHANISMS
THAT MAKE FUEL SAVINGS GOALS A REALITY.
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TIPS IN DESIGNING PRACTICAL ROUTES
/ THAT PROMOTE FUEL ECONOMY

1 Pupils should ride the shortest distance and time-

2. Insofaf as possible, routes should begin at the
periphery-of the school attendance area and follow
the thortest, safest way to school.

4
3. Road condition's and traffic volumeeffects on route

time and distance should be analyzed and given
consideration in vehicle assignment.

4. Recognizing miles are cheaper than buset,. use
multiple triprouting when possible; a bUs can
service more than one route. .

When passible, reduce. the number of bUs stops along
a route. This reduces safety tazafds in loading/
unloadingupils; it also is a fuel'econOmy measure.

6. Use expressways for express runs and "deadheading"
only.

Do no schedule multiple buses over thesathe route;.
it provides pupils with an opportunity to-ride.any
bus that comes along and. can affect safety and fuel
.economy.

Eliminate door-to-door service; use zone loading
servicing whenever feasible.

When possible, equalize routes in terms of miles;
this provides a framework foreven depreciation and
a regular pattern of replacement.

PART V
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ECONOMY

10. Insofar as possible, eliminate natural hazardS.4e.g.,.
hills) and man-made haZards'.(e.g:, railroad crOskings,
-dead-ends-,- and private.roads):along each router

11 Use feeder buses to increase safeeand fuel economy.

12. Residence side load/unload on heavily traveled roads.

13. 'Increase pupil walking distance when safe and
practical to do so.

ti

14. Use the most efficiemt bus oja the longest run.

15. Do not use bigger and less fuel-efficient buses
than needed. .

16. Refer to the "planning tips" offered at the end
of Section 9.4 for further suggestions.

115'
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9.4 PLANNING TO INCREASE FUEL ECONOMY

COMPUTERIZED VERSUS.. MANUAL A.PPROACHES.

Evidence is available to show. that-automatic approaches

to routing and scheduling can reduce costs. There are also

,:advantages to many manual systems in use, primarily. for small

_districts. Whether routing and scheduling are performed

mapuallY or by using the assistance of a computer, one must

make sure that the planning criteria and servicing factors
.ootre-comprehensively investigated with regard to their impacts

upon fuel use and cost..

First year savings of three school districts due to

implementing coerized routing are shpwn below. In

general, the first year of automated systems use represents.a

critical evaluation period for Comparison. This period re-
.

quires much effort and commitment by the transportation

department to implements the system.

FIRST YEAR_ AVINGS RECORDED BY
THREE SCHOOL DISTRICTS DUE TO USE OF

COMPUTERIZED ROUTING AND SCHEDULING TOOLS

SCHOOL DISTRICT

Acalanes, Calif.
Gross Savings:
Cost Of Service:
Net Savings:

Horsehead, New York
Cost Savings*.:

New Paltz, New York
Cost -Savings.:
Cost Reducation :

FIRST YEAR
COST-SAVINGS

$ 29,000
$ 15,800
$ 13,200

'$154,807

$ 55,429
334'9% Savings

METHOD OF
ACCOMPLISHMENT

Reduced bus use, miles
traveled, and saved
7,500 gallons of fuel
each

Reduded need for addi-
tional new buses and
miles driven.

Reduced b s purchase
reauireme ts and tiles
driven,

*Includes reductions of schedu
optimal route selection.

bus purch due to

Sourcel.BRI Systems, Inc., based; upon cost information
obtained from'school districts.
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STRATEGY FOR IMPLEMENTATION

. Techniques from pin maps to automated computerized tools,.

are..used for routing. Both .manual.and computerized ap.proaches

require-'a.'strong commitment'to make them work.

A disadvantage of manual approaches is the time require-

ment for an optimum route analysis. Solutions'may also be

based upon subjective rather than objective reasoning.. On

the other hand,computerized approaches require a relatively

larger investment of time and dollars to design them to the

needs of the district'

Do not disregard tee use DX automated routing methods

because of their complexity Once implethented",-they can pro-'

wide answers to many "what 'if" questions facedrby management

operating within a limited budget-.-- Also do not expect over-

night results. Follow a strategy for design and use of these

tools.

TYPICAL STRATEGY FOR IMPLEMENTING COMPUTERIZED ROUTING
AND SCHEDULING TOOLS IF YOU DO IT YOURSELF

Implementation Guidelines

1. The entire system does not necessarily have to be designed
at one time. Consider an approach that addresses one
segment of the problem initially. Implement it, verify
it, and update it in a series'of planned steps.

Design Strategy

2.. Allow ample time,-tor analysis of the.disti'ict requirements
that must ba,,a-d-dressed, It requires time to translate
goals'and_Dtjectives into a system design.

3. Donft design a "black box." .Bpei,cify.functi-o-nal elements
hat will be developed, one et,Fa.time, -in accordance 'with-

a management plan.

1.. Although trained specialists will generally be involved
in system development, invite participation from users,
of the data during_system- design planning to identify
the type and format of information that will .offer .

maximum benefits.



PART V
GUIDELINES FOR-
INCREASING FUEL

ECONOMY-

9A LANNING TO INCREASE FUEL ECONOMY

PROBLEMS FACEI5,IN SYSTEM IMPLEMENTATION

No routing system is withotit problems . The following

summarizes solutions to some of'the mejor problems faced.

MANUAL ROUTING PROBLEM SOLUTIONS
MAJOR PROBLEMS

1. Time-consumingtrial and 1.
err.6r; hesitation to go.
back "to the drawing
Voard.."

2. Reluctance to comprehen-
sively review new route
chlfces.

3. Erroneous data.

4. Tendency to add routed
and buses rather than
disturb ".once proven"
routes

POTENTIAL SOLUTIONS

Make use of a trained
analyst whose respon-
sibilities include improved
route planning.

2. Provide incentives or
proven "savings."

3. Place emphasis on better
data collection procedures.

.4. Similar to solutions'l and
2.

AUTOMATED ROUTING PROBLEM SOLUTIONS

MAJOR PROBLEMS

1. Erroneous data ohput.

2. Lack of trained people
to implement the system.

3. People do not know how to
make it work.

4. Dedication to_makini the
program work.

Program not tailored to
school district.

'Readability of data-
output.

7. Network analysis errors.

8.. Maps
only

are not produced- -
schedules.,

POTENTIAL SOLUTIONS

1. 'Data colleCtion'-end input or
processing tools are in
adequate; improve'them.

2. Hire professionals or con-
tract'for a proven service
on an as-needed basis.

3. Take advantage of industry
to train them; refer to
solution 2.

. Provide incentives for
"dollar savings."

5. General purpose concepts may
not work. Take the time,
effort, and dollars to mod-
ify tools to meet the
district's requirements.

6. Develop computer.programs to
translate information into a
more usable format.

Place emphasis upon better
zone definitions.

8. Use computer plotting con-
tract services; refer to.
solution 6.
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PROBLEMS FADED IN SYSTEM
,

IMPLEMENTATION

Although many organizations offer: route panning aatis-
,

tance, not every technique is right for eve.rysituatiala. 1Ook

.to professionals who understand the problems".of the district

and are prepared, to give the type of assistance .that is

needed. The. hierarchy of, routing choices.shown below may

appear simplified, IDL:t every experienced transportation
\.supervisor recognizes the an factOrs that:musI be g-ivpn

consideration in designing the "final" route. Of importance,

routes. should not be "patched"-tso.aS to expose cildrentto

hazards, or unreasonable- condiiions.

a

TYPIC OUTING
DECISIO TEPS

DECISION
CRITERIA

SCHEDULE NO. 1

2

SCHEDULE NO. 2

3 DESTINATIONS

3 PATHS

ADDRESS THE TOTAL PROBLEM.
DON'T BE AFRAID TO SEEK OUT SPECIALIZED SKILLS

TO ASSIST IN PERFORMING THESE IMPORTANT FUNCTIONS.
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SUMMARY OF TIPS TO. IMPROVE FUEL ECONOMY

There are numerous areas that can be investigated to

determine'if the school district can reduce its tuel

sumption. and operating. costs. The'following-list of sugges=

tions is` -otfered to assist in defining opportunities for fuel.

saVIngs%-.Review them and see which are applicable to your

operatiOn.

1. Coordinate school calendars irisofaras possible
to consolidate bus use..

2. Coordinate school lstart-and--dismissal times t
minimize bus trav61.

3. Eliminate staggered dismissal times in the same

4. .Encourage the use of bicycles; provide adequate
protection for their storage..

5. Strictly enforce walking distance statutes.

,6. :In.crease walking distances.

7. Allow school staff members to ride buses when
feasible.

8. Let older st1Idents use public mass transportttion
when it is available; restrict the use of the
school parking lot area.

9. Centralize special eaucation classes when
practical to do so.

10. Modify attenclanceboundaries when such oppor-
tunities are present t6 minimize travel needs.

MAKE THESE TIPS A PART OF YOUR STRATEGY
TO SAVE FUEL. CONSULT THE ADDITIONAL TIPS

ON THE FOLLOWING PAGES TO INCREASE
FUEL SAVINGS.

12C
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SUMMARY OF TIPS TO IMPROVE FUEL ECONOMY: CONTINUED

.:- 11. Select the correct vehicle for the task.

12. Avoid peak traffic srtuatj.ons whenev,er possible.

13. Hold inserviceprograms.to re-educate the staff
about fuel economy prilctices.

14. Make sure staff members understand what consti-
tutes :'unacceptable performance."

15. Periodically review routes-; update them when
necessary. 9 to

16. Avoid dirt and gravel roads if,other routes are
. available.

17. Lengthen distances between pick-up points.

18. Have older students walk to a main road for
loading.

19. Use "zone loading" with stops spaced as far apart
as is feasible.

20. Make sure that driirers avoid courtesy stops.

21. Enforce a maximum speed limit,on routes.

22. Plan routes to make only right hand turns to reduce
idling time while waiting to turn; do not increase
distances traveled to accomplish thips.

23 Develop an infOrtation exchange program with other
districts to save fuel.

24. Use buses for deliveries when feasible to combine
;them With routes.

25. Train drivers when the bus is "deadheading.",

26. Use satellite bus, parking stations at dist?dct
extremities to avoid "deadheading."

27. Use 2-way radios to re-direct buses.

28. Install triP-recordrs to monitor vehicle
performance.

29. Promote "dHving at, steady speeds."

30. Purchase proper octane fuels..

PART V
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9.4 PLANNING TO 'INCREASE -FUELECONOMY.
,

SUM/IARY:OF TIPS TO: IMPROVE ECONOMY:-.-CONTINUED
.. ..4. 4..

. .. ' ',.31. Audit fuel consumption. Use thIS 'information inf.
yoy.i: .fuel economy management program for panning..
purposes-.

. -

O

Establish, incentives for obtaining greater fuel
_economy. -

33. Use the'm,edia to promote fuel conservation actions
and -to keep everyone aware of energy savings..

34. Publicize -programs thyst have effectively cut down
fuel consumption.

35 Develop pur6tiaSing, operation, and maintenance
qprOcedures for all equipment that uses energy.

-36. .E11.±inate unnecessary meetings.
17.. _Select meeting times and locations to minimize

employee travel.

38. Eliminate buses that ere tot needed. 11

39. Eliminate route overlaps..

4-0. Plan all stops on level ground;.omit stops on in-
clines if possible.' 'Use the smallest vehicle that
is practical for long-distance, 1igh-e-ldad runs.'

41.- Use the smallest least powerfulJpus that will do
the job. .

42. Hold workshopS with drivers and'mechanics to con-
solidaie knowledge -on fuel economy.

43. Sponsor and support energy conservati-on worksb:Ops.
Ln-,44. Send mechanics to tr4in.ing program and workshops td'

improv their

15. ;Maker sure mechanics make full use of servi.gce manuals.

46::, Develop alternate routing plans for'emergencies and
fuel shortages.

47. 'Protect fuel storage from theft.

18. Use an. incentive system to promote fuel economy.
19. Park buses'under cover'in the wint'er.-

50. Use engine preLheaters in cold climates.

01
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SUMMARY OF TIPS'TO IMPROVE FUEL ECONOMY: CONTINUED
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51. Establish district energy conservation rules and
regulations.

52.. Set energy saving standards -as high as it is feasible
io do, but realistic.

. 53. Develop a unit. on "fuel conservation.

54. Combine athletic schedules to consolidate bus trips
when possible.

If

55 Combine fleld trip requests from more than one
school.

56. Share buses with other districts when holding
athletic events. °

5(. establish maximum distances for athletic trips.

58. Limit all special trips to full bus.loads only.

59. Establish restrictions and bud&etS for field trips.

60. Establish e mileage allowance for each type of
extra, curricular activity.

61.. Lock gas tanks to avoid theft.

62. Beprofit motivated in your programs; remember
La'S Vegas casinos thrive :on ,e five percent take.

63. =- Review the 'tips provided in the,pripr sections of
this chapter for other 'fuel saving actions that
can betaken,

-§1

SEARCH ,F0Ift FpE L SAVING IDEAS.
jmOLEmEN-t-tHO.SE THATJHAVE

DEMONSTRATED SUCCESS.

12?
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9.5 MAINTAINING FOR MAXIMUM FUEL ECONOMY

MAINTENANCE AND.FUEL ECONOMY

The prior chapt#rs have shown that many practices can in-
.

crease the fuel economy of the fleet, but only a good mainten-

ance program can insure that this economy is maintained.

Simple tune -ups can improve fuel economy from 6-10 percent.

The same tune-up on a vehicle whose engine is in poor mechan-

ical condition can increase, fuel economy anywhere from 20 to

100 percent.

Three areas are important in maintaining for increased

ue-r-economy: imprementing a practi-c

maintenance prqkrem, using modern equipment to service the

fleet, and installinga record-keeping system that provides

management a continuous measure of fleet performance.

PREVENTIVE MAINTENANCE IS.ITE KEY TO INCREASED FUEL. ECONOMY

Preventive. maintenance is investing .man-hours and

dollars in a scheduled program to esure that maximum.effi-

ciendy and fullest life-expectancy is obtained from each

vehicle in the fleet. It consists af a planned program de-

signed to reduce emeri5ency breakdowns through a.rigid

scheduling of vehicles for servicing'at specific intervals

A good maintenance program has elements which includel:alt

are.not.limited to:

1. A monitoring, recording,, and tracking informa.r.
'tion system that shows fuel economy-and repair
history of each .vehicle in the fleet.

rw

2. Procedures for responsively reporting problems
and maintenance follOw-up.

3. CAptracting of specialized Maintenance services
when necessaryto.increase fleet reliabiliity.

4. Using analyOsid. modern tools to service-
tne.fleet.

. 5. Continuing in-service training programs and
2

workshops to increase staff.skills.

6., Management inormatil= systems designed to..
povide feedback..
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9.5 MAINTAINING FOR MAXIMUM FUEL ECONOMY

USE MODERN, EQUIPMENT TO SERVICETHE FLEET

The'use of equipment that allows the maintenance staff

to keep engines tuned for maximum fuel economy offers numerous

dividelads: Do-not-sacrifice performance: When in doubt about

the value of equipment, consult peers and professionds for

their opinion. When making-major equipment purchases, perform

'a 'benefit -cost- analysis. Make sure that consideration is

given to reduced downtime savings in calculating the benefits.

USE RECORD-KEEPING SYSTEMS THAT SHOW FLEET PERFORMANCE

Good maintenance programs provide an environment for in-
,

creased qafety. Go one step further and place emphasis upon

increasing the fuel economy of the fleet in the program.

Develop a maintenance record system that will provide manage-
.

ment with the information that is necessary for contro3. Such

a system should proVide at minimum the following important

information:

1. Vehicle purchase date and cost.

2. Vehicle mileage, fuel, and oil consumption
history.

3. Manufacturer's recommended maintenance and
servicing schedules.

4. History of maintenance performed on each
vehicle.

5. Costs of maintenance performed: labor,
materials, contracting services, etc.

6. Record of vehicle equipment purchases and
their performance (e.g., tires).

7. Other information of importance in.- servicing
the fleet.

Such information is invaluable in monitoring and

.evaluating bus performance.

1-;';`'.-
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9.5 MAINTAINING FOR MAXIMUM FUEL ECONOMY

\EQUIPMENT AND TECHNIQUES CAN BE USED TO OBTAIN ,FUEL ECONOMY,;
BUT ONLY PEOPLE:CAN DO IT

Fuel.economy depend's on equipment, programs, and people:

'It depends most on people.'

Let the staff know that the district wants to improve

`fuel economy. Provide an environment to achieve this. Devel-

op procedures for saving fuel. Put them in writing. Solicit

fuel saving suggestions, acknowledge them, recognize and

publicize good performance, instill a positive attitude to

improve performance, and get everyone Lvolved. 1.1's perform--

ance information as a yardstick for taking actions.

Establish in-seOvice maintenance training'programt to in-

crease personnel ikills. The staff should make good use of

manufacturer maintenance manuals. Hold workshops with other

distriets to discuss solutions to maintenance problems. These

workshops offdr maiptenance personnel an opportuO.ty to ex-

change ideas and become familiar with new equipm4t; they can

.increase operation effectiveness. Send personnel tothe pro-

grams and workshops that are offered by equipment"manufac-

turers. Instill attitudes of "self-improvement," "perform-

ance," and "teamwork:" Involve the driving staff in these

programs. Their efforts are important in signaling potential:
, AO.

vehicle problems to the maintenance dtpartment.. Each school

bus driver should, have a basic knowledge about the equipment

and the simple actions 'that Can be taken to increase fuel

economy. Checking tire inflation pressure is one such simple

but important action. Environmental Protection Agency studies

have shown that underinflated tires can reduce fuel economy

anywhere from 3 to 7 percent. Teamwork is.important for ob-

taining fuel economy. Promote it.

12C
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9.5 MAINTAINING FOR MAXIMUM FUEL ECONOMY

SEARCH FOR IDEAS THAT SAVE FUEL

Although it is recognized that many times it takes

money to save money, remember that.even simple and inexpensive

actions can result in fuel savings. The.following is a list

of simple actions that saved school districts fuel and

dollars(18). Many more types pf actions can be identified in

the school transportation community. Discuss the opportuni

ties for saving fuel with your peers. You'may find.just the .

combination that you.are looking for to obtain greater fuel

savings.

1 A school bus operation in Southern California
was able to extend servicing periods for
maintaining the diesel fleet by 30 percent
based on the findings of WI oil analysis
taken every 3 months.

A district in Ohio r.educ.e, the combined cost
of maintenance and fuel 1),-).6 percent by
switchillg from standard transmission-gasoline
buses t'o similar sized die47ils with automatic
transmissions. Performance' cost data pro -.

vided the framework for implementing the move..

. Performance tracking allowed an operation in
California to:increase fuel economy and
extend the wear of it tires by nearly 50
percent by switching to steel-belted:radials;
in specific instances, it obtained a 300
Percent increase in tire wear from the use
of radials.

'DISCUSS FUEL SAVING ACTIONS WITH YOUR PEERS.
YOU MAY FIND JUST THE COMBINATION

THAT YOU ARE LOOKING FOR = A COMBINATION
THAT WILL SAVE FUEL AND DOLLARS.

(-18)Cases Presented are based upon interviews and survey
data obtained by BRI Systems.
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9.5 MAINTAINING FOR MAXIMUM FUEL ECONOMY

TAKE ADVANTAGE OF SPECIALIZED 'SERVICES TO INCREASE FUEL
ECONOMY WHEN YOU CAN'T DO IT ALONE

Take advantage of available 'contractor miintenance in

highly Specialized areas when the staff does not have the
)at

skills or equipment to do it alone. Oil analysis is an ex-
,

ample of the services that are offered. Metal content in

engine oil is an indicator of need for engine overhaul.
-

After the engine break-in period, wear metal content indi-
.

cates that the engine is not performiu at high efficiency.

Such analysis,, costing anywhere-from $10-$15 per sample, will

indicdte when oil should be changed, possibly extending drain

intervals, find allow the fleet to be operated at peak

efficiency.

WHAT ENGINE OIL TELLS YOU ABOUT
SCHOOL BUS PERFORMANCE

The presence of resins indicate oil oxidation.
&*

o Viscosity changes show the presence of oil on-
taminatm., oil oxidation, and fuel dilution.

o .Metal content indicates a serious condition that
may result in engine failure as shown:

METAL TYPE POSSIBLE SOURCE OF WEAR

Aluminum Piston or bearings

Chromium Piston rings,or cylinder-lining

Copper, Bearings., _`bushings,, screen

Iron Roller bearing, piston ring, valve
'train, crankshaft, camshaft, gears,
cylinders '

Lead Bearings

Nickel Bearings, valves, piston rings

Silicon Airborne dirt

Silver Bearings -

Sodium

Tin

Air-:borne dirt, water contamination

Bearings, bushings

-Source: Quaker State Oil Refining Company, Oil City,
Pennsylvania.
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9.5 MAINTAINING FOR MAXIMUM FUEL
MANAGEMENT. GUIDELINES.

Use maintenance management tools to help evaluate

problems and insure that they are solved in a timely manner.

Management -by.:Exception provides a framey4rk for acting when

something goes, wrong and needs to be c rected. The system

begins with bus driver ,daily record. s teing forwarded to the

maintenance 'supervisor.- When the driver report indicates a'

potential problem, act on it.

If computerized services are available to he.operation,
they can provide a basis for work order reporting, tracking,,

maintenance scheduling, and performance recordIng. Many data
management and repOrtingsys,:tems.are available. .Check with
your peers or.request informat' from the many professional

organitations.that supply the e servi

IV manual reporting system can also be effective, pri--

marily for.smalaer fleets. -Make sure that a log is kept an
. each vehicle; maintenance and fuel economy information should

be recorded, analyzed, and acted ,upon.. Use performance data
as a basis for decision-making. Such information can show

which vehicles are offering the district the best performancd
for each dollar invested.

The following pages offer an example of a typical driver

daily report andmechanical work order report. Many rseport-

ing,formats are available; use the one which best meets the

needs of the operation. In most states, the Director of ,°

Pupil Transportation is familiar with.the forms and systems

used by school districts in the dtatesas wel s others

throughout the nation. C'onsult this'indiv'dual and other

professionals for assistance in updating your system.

12
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9.5 MAINTAINING FOR MAXIMUM FUEL ECONOMY

MAINTENANCE DATA RECORDING

The sample forms illustrate one. Method for recording and
keeping track of fio.lea and oil use- on a daily basis. Such i
form also provides a mechanism.for maintenance requests, fol-
lcrw-up, and recording of pertinent vehicle repair and parts
replacement data Select a system which fits the district 's'
pattern of operation azid,w-ill allow for vehicle data to be
rt'carded for future analysis.

TYPICAL DRIVER DAILY REPORT

DRIVER FUEL AND -GIL RECORD SATE

VEHICLE NO. ODOMETER-

GAS DIESEL
GALS - TENTHS GALS

SIGNATURE
SIDE 1 OF DAILY ;IECORD CARD -

OIL PUPIL TRANS..
QUARTS ['DRIVERTRAINING

MAINTENANCE
P.00L/STAFF .

(OTHER)

TENTHS

lviainten'=
ance Dept.
ACtion

DRIVER DAILY CHECKLIST
SIDE 2 OF DAILY RECORD. CARD

REPAIRS RECOMMENDED
BY DRIVER.°Fuel.' Glass &. Mirrors

0 Oil Door Releases
Tire. Pressure.

Gauges Aiad Horn
Windows

Seat Belts
Lighting Heating. System
Windshield Wipers . Clutch Pedal

Air pressure
Device

Dept. Action

z.



FAILURE CODE:, EL

TYPICAL MECHANICAL REPAIR WORK ORDER
CONSULT WITH THE DIRECTOR OF PUPIL

TRANSPORTATION IN YOUR SIM AND
YOUR SCHOOL

REVIEW THE MANY FORMS IN OE.

REC.
APPROVED DATE

REPAIRTYP::
. VEHICLE NO-.

A: Accident 16

intetim Repair. e .

,

P:.Preventive Maintenance
LICENSE NO.

R: Road Failure
ED 2154

S: Schedule Repair YEAR

40: Other
1975

DATE OF ORDER

7-8-Vr

FOR OFFICE USE ONLY

'SPEEDOMETER

12,510

ENGINE

F-D

Sublet:Labor

Total Labor

.WORK

CENTER

CODE

2.201

Total Parts 15

PART NO. DESCRIPTION

CAPACITY. (SIZE)

COST
72 .

CHASIS CODE:

CR

Grease & Oil

Tax 01

TOTALS 2.,36

LF-45 Bulb , 15 TYPE OF

WORK. LABOR COSTS

DONE

CODE JOB DESCRIPTION HRS. MIN.'-------------------.,-----

PARTS TOTAL.

Grease

Trans. Oil

Motor Oil

Sublet Labor

inspect and

Replace L/F

Bulb 20

TOTAL LABOR 20

White Copy ,ranspOrtation Office

.Canary Copy - Bookkeeping

'duff Ledger Garage

SOURCE: Caurtesy of Paradise Valley School District,

Arizona., Modified Form.

131

CHECK LIST

Lubrication

Oil

Oil. Filier

Air Filter

Wash

Motor Tune

Brakes
.

Adjust Hand Brakes le

Check Tires

Headlights

Other Lights

Radtor
Battery

Adjust Clutch

Transmissioi

Differential

Master Cylinder

czic

>, m

z z
E

3o
Co
m
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9.5 MAINTAINING FORMAXIMUM.FUELECONOMY

SUMMARYOF.MAINTENANCETIPS TO IMPROVE FUEL ECONOMY

1.
,

Set gaals:to,aperateat peak effidIency, establish
progradsto reach these goals.

2. 'Promote'inhouse training programs to increase staff
. effectiveness.

Manage by exception; if a bus is not obtaining
AeSiredr:fuel economy, 'find out why.

. Use 'reporting systems that offer follow-up and?
feeabeck. / .

Take advantage of modern equipment-and techniques
to increase fleet reliability.

6. USeengine analyzing equipment.
.

7. Maintain tires at maximum recommended pressure;
chedk regularly tor wear and dakage.

8. .Change oil, PpV,.aieand gas filters regularly. .

9. Use 'tire tread wear patterns and depth as a guide ,to
alignment needs

. 10. LOOk inside the exhaust pipe for black soot; it is-
an indicator.af.engine inefficiency:.

11.4 Once-ayear perform-a injor inspection;,.41inder'.
compression, valve clearande,'"el pump, :vacuum(

'pressure, etc. --

Reduce engine idle speed. 4
- .

13.. Periodically:dheck the. vehic.le ,to insure it is. run-,
ningefficientlyi check the carburetor for cleanli:
1:less, idle speed,air-fuel mixture, floatlevea,
aacelerator;Tump:stroke; 'automatic clioke,van'd or
gasoline leaks; also, check the coiL,candensar,
rotor ", aittributarcan,spark:plugs, spark plug gap',
firing valtage, ignitfon points gap, dwell and
resistance, and timing. N

.

.14.- Check ail, antifreeze,. .windshieldjwasher fluidf
battery, and. tire" pressure

15. Use an oil .suitable for the driving environment,

'16 Follow manufacturer's recommendations in maintaining
the vehicle..

17. Promote an environment "pefermance" and "team-
w or k

18. Resolve maintenance protb:nms immediately.
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"WHEN MAN POINTS A FINGEFi AT SOMEONE,
HE SHOULD 'REMEMBER T.HAT-FOUR OF HIS
FINGERS ARE POINTED'AiltIMSEiF

-LOUIS NiZER'
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10.1 NECESSARY ACTIONS

DEVELOP A STRATEGY, TO INCREASE FUEL ,ECONOMY

Anyope reading this handbook should be c'onvin'ced that

fueUmani:gement problems can be 'resolved to face; the un-.,

'certain future. The solution requires a basic reexamination,

of habits, practices, and policies that have been used,dver

long periods of time.

The success of fuel econov.lagnagement depends tos,-

Feat extent on the prepstation mel..eam4 the overall -ability

to communicate the needIfor saving energy: Itris also de- .

pendent.:upon applying some basic-skills'to achieve energy

managellIOnt objectives.

The ability:tp recognize, analyee, anc:espond to ever

problems is important. This ability is enhanced by

1. Taking the time and effort to' evaluate
current practices;41eview fuel saving
objectives.

2. ;Researching ideas-that can help the
ciistrict save fuel.

tTaining and motivating personnel to
save ffuel.

4. Stimiilating actions that can increase -.0
pupil transportation-,Offectiveness in
the .i'clittool district.

. .

Take advantage i.f the best energy resource that is

available in thehdol digtrict--the energy .of People-

individual self-esteem--to aave,.flael The future'dependS

to a large degree on the extent -8'6 which .this resource

used.

The use; cf'cOmmon sense along with'ape'rsonal commitment
to save fuel inthe"school district are important elements in

making schoOl transportd.'"tIon "a" winner." If the district

takes the time 'required:to plan for bitter. fuel economy And

develops a personal strategy to increate pupil-miles-per-- .

-gallon, theymeanimgful sav/gs discussed in this handbook..
-

Can be obtAned:

I



1.0.1 NECESSARY ACTIONS.`;

WHAT CAN BE DONE TO SAVE:..NERGY
. . .

Fuel economyManagemeptrepresents.a.foundation for.

saving energyolirchoolsand,in bur"..11ersOnal activities.
.It' is a.ChleVed:thrb#gh.praCticalmmon,sense techniques to

save: dollars. and by. focusing att-ntion upon increasing. .

productivity and performance.

The Board of Education in 'eery state can enco=dage.

school districts to move in tht direction of greater

economy. The State Board of Education can update its re-

imbursement;formuiasto encourage the purchase of equipment

that offers.More miles-per-gallon. This hap provsd success-
, ....

fill in States such: .as Ohio, it-"taz be done on a natignwide
. \\,

basis.
: .'

Everp;school board' can place emphasis UpOn',fuel.tconomy
, management i'nits-ommunity. Such actionS will save the

. .

..'

com4unity ok ars.
,

They are in line with out, national energy
.1, .

e ... .

conservation oals: . - - -
,:-,-.

Every .sc. ool district has an opportun4ty to-:.begin.fuelv"/
`./% .i; '1.

economy management aa.a."%eart of its regular management
,

practices. IMplem,ent*,pro rams to..purChaSe,,plan, drive,
,...c,,,,aid.411, . - .

- route, schedule,, an :,-: i _ : in for greater fuel ecOky. Morensy

pupil-miles,..per= loneis.achievab.;:ethrqugh fuel economy
.

,.)

management,

...:.TAKE ACTIONS TODAY0 B.,KIN YOUR .

,FUEL ECONOMY MANAGEMEROROGRAM.'

;.,MAKE FUEL ECONOMY MANAGEMENT
A PART.OF YOUR MANAGEMENT PROGRAM.
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102 ADDITIONAL TIli$:FORSAVING ENERGY -

TipS'Ior seving.energi:imother areas of.sc400l operation

are listed. Takeadvantage of eCtions.that-can

reduce the schoo'lutiiiy
.

4

1. Establish a coMmittee- to review energy use--

2. Survey energy%use per odically:

3. Record energtc-cm,suMbt.ilon in all facilities; useithis
information as a machaiTsm fir identifying energy
conservation actio,..

4. Check the school's heating and cooling systems' to make
sure they are up-to standard.

o

5. When heating buildings,-reduce the temperature to be
maintained when the facilities are not in use.

6. ,Eliminate heating and .045oling buildings on holidays
and weekends.

-
7. Instruct cleaning personnel to turn off lightsand,to

.
inpect heating. and cooling thermostat settiegs in each
laisroom and work area.'

reg,41Srly; follow the::.thanufactu'rer's'
maintenance instructions for'all equipment.

9. ,Inspect and.oalibrate equipment controls liericAcally.

10. Insulate air ductsl'and hot water pips.

11. Close .o,ft all unne&eesexropehings.

12. Install-4double glass panes on windows

13.' Add insulation to walls and cei,Jings t
transfer; 0

14.

..reduce heat

Check utility bills to make sure that no irregurgities
exist.

15. Investigate the opportunities for saving energy in food
services, using pressure cookers,' microwave..ovens,
smaller and more energy efficient. appliances.T,, keeping
freezers as full as possible, centralizing fdod prepara-
tion, and designing nutritional menus that recire less

-baking and cooking time.



10.2 ADDITIONAL TIPS FOR SAVING ENERGY

.Additional tips for saving energy in other areas of school

operation:

16. Avoid arbitrary thermostat- sett'ings. Establish rules
for temperature control; consider centralized control.

17. Design facilities to use mirrors whenever prac,tieel,t4
reflect light; also paint walls with light colors'.

. 18. Reduce heat to a minim= in locker rooms and the
auditorium.

19, Schedule all eve\ning meetings in a central area.

20, Perform janitorial services early so thalectricity
may be turned off earlier.

21. Caulk and weatherstrip windows, sash, dObrs, and roof
flashing:.

22. Turn 'off all lighting after School has been dismissed.-
6

23. Encourage teachers to turn off lights in empty rooms.
.:.-

_..

24. Reduce lightpng leireIs when safe to do so; reduce.

,exteribr lipting,Ilevels. ,

it'''' ' :.

.
,

25. Instal/ phii.to,:a'e4Ys to control exterior lights-.

26. Use fluorescent fixtures whenever possible. They last
longer and use less energy.

PART VI
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27. Clean fluorescent tubes regularly; dirty tubes reduce
efficiency.

2'8. Replace broken windows.

29. Keep register and riLiator'-'Surfaces clear of obstruc-
tions.

9
30. Reduce shower water temperatures. .

31. Change shower heads to reduce ..water volume.
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10.2 ADDITIONAL TIPS FOR SAVING ENERGY

OF. ADDITIONAL ENERGY SAVING

TIPS.FORSCHOOL BUILDINGS

Use timeClocks on heating systems for control.

Insulate pipifig and ductwork.

Keep ventilation air requirements- to a minimum.

Use enthalpy controls on cooling systems.

Use zone thermostats, one in each area.

Use heat reclaim devices when feasible.

.'Install photo cells on outside lighting.

- Provide lighting switches in every classroom.

Keep-detailed reports on powei. consumption.



10.2 ADDITIONALTIP§,FORSAVINGENERGY
TIPS FOR STUDENTS' AND STAFF'TO SAVE FUEL

.

Use the following practices in jour daily activities

sate fuel. They are based upon the proven principles of fuel

.economy management.

1. Carpool to school and work as-often as. possible.

2. Carpool for-family business and recreation.

3. Use public.transportation whenever it is available.

ii. Commute via Rublic.transportation. Use the extra car,
bicycle, walk, kiss -and -ride, or carpool.to-get to a
main transit route.

5. Initiate a vanpool'commufcing service in the community.

6. Make careful and complete shopping tistsk combine.
.

shopping and .pers"onal trips, plan the-most advantageous'
.route, and drive'less:

T. 'Telephone instead of visiting; at a minimum telephone
ahead.

8. (Schedule meetings at locations that minimize travel.

9. Double -up necessary meetings.

10. Purchase a ,lighter, less powerful car.

11. Keep your car "tuned up" to obtain maximum performance
from it.

12. Study your travel habits; search out opportunities for
saving fuel.

13.. Vacation near ho_91.e and in areas where local transporta-
tion is available.

14. Vacation with friends ---

Eliminate unpasnried pleasure rides; substitute walks
and bicycle trips.

16. Find out why certain drivers get good fuel economy
performance; use driving techniques that can improve
your miles-per-gallon.

PART. n
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10.2 ADDITIONAL TIPS FOR SAVING ENERGY

A CHECKLIST. OF FUEL SAVING TIPS

FOR THE STAFF AND STUDENTS

When you must drive, carpool

Measure distance in gallons, not miles.

Plan your driving routes to avoid bottlenecks.

,

soften as posible.

Eliminate those costly unplanned drives.

Dri. v slower, drive for fuel economy.
1

hasd the lightest car that fulfills your needs.

Select only those accessories necessary for comfort.

Consider fuel saving equipment in your/purchases.

Maintain-your car on a periodic basis.

Make sure that your car's tires are properly
inflated.



PART VII

REFERENCE INFORMATION..

"THE BEST WAY TO ESTIMATE THE
SIZE OF THE HERD IS TO COUNT
FEET AND DIVIDE BY FOUR. ".

OLD COWBOY TALE,.FROM
HOW TO MAKE ADVERTISING WORK;.

McGRAW-.HILLTIOOK CO., 1967.
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11.1 STATE DIRECTORS OF PUPIL TRANSPORTATION

ALABAMA

Coordinator, Pupil
Transportation

State +Office Building
MontgoMery 36104
,(205) 832-5122

CONNECTICUT

State.Department of Education-
State Office Building
165 Capitol Avenue

-

Hertford 06115
(203) 566-4023

ALASKA DELAWARE

Deputy Director, Field Supervisor, Transportation
Services Department of. Public

Pouch F, State Office Building Instruction
Juneau 99801 Townsend'Buildimg
(907).465-2850 Dovef 19901

(302) 678-4696

ARIZONA

Manager, Pupil Transportation
Office of Highway Safety
206 South 17th Avenue
Phoenix 85007
(602) 261-7341

ARKANSAS

Supervisor, School
Transportation

Department of Education
Little Rock 72201
(501) 371-1560

CALIFORNIA .

Field Representative, Bureau
of Administrative Services

Department of Education
Sacramento 95814
(916) 322-2470

COLORADO

Supervisor, Supporting
Services

Department of Education
201 East Colfax
Denver 80202
(303) 892-2291

FLORIDA,

Administrator, Transportation
Department of Education
Knott Building
Tallahassee 32.304
(904) 488-4405

GEORGIA

Administrator, Transportati,on
Department of Education
.156 Trinity Avenue
Atlanta 30303
(404) 656-2467

_HAWAII

Administrator, Transportation
Department of Education
1-037. South Bretania Street
Honolulu 96814
,(8o8) 548-2364

IDAHO

Supervisor, Transportation
Department of Education

- 'Boise 83720
(208) 384-3106
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11.1 STATEDIRECTORSOFPUPILTRANSPORTATION

ILLINOIS. MAINE

Pupil Transportation Services
Office of Education
100 North 7irst Street
Springfield 62777
(217) 525-7484

iNDIANA

D.4ctor, School. Traffic
-

Department gf,.Publi.0
Iustructl`cznf. .:

120 West Mas7ket'.,:Str.eet
Indianapolis
('317) '633-4694

.1,01114

Division of Transportation
1-tment of PubliC

11.patruction
,De Moines 50319

...
KkNS.S

Qr of 'Safety
y ;Department
edffice Building

0,;:Txqxeka. 66612

(9013)-.0-3551'

,
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Transportation Director
Driver Education & Safety

Iiikt1.:21galp.sportation Division
Education

64101,20,aza Tower
t. :17riiAkfo.rt 40601

.

-,
iS1..TPe,41TiSOr ;.TranSPOrt at iOn

44064.
Batc)FicRd.34.70804

381-r 211

I

Education Building
Augusta 04333
(207) 289-2371

Sd
MARYLAND

Safety Transportatin
Department of Education
P.O. Box 8717
Baltimore 21240.
(301) 796-8340',

MASpACHUSETTS

Bureau of School Managements
Services

Department of nucation"
182 Tremont Street
Boston 02111
(617) 727-5790

MICHIGAN.

Department of-EducatIon'
Bost. 420
Lansing 48902
(517) 3T3-3314

MINNESOTA

Director, Pupil Transportation
Capitol Square Building

.550 Cedar Street
St. Paul 55101
(612) 296 -2839

MISSISSIPPI

Department of Education
P.O. Box 771
Jackson 39205
(601) 354-6921
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MEXICO

Director, Pupil' Transportation Director,-Transportation
Department Of,Elementaryland. Department of Education

Secondary Education
P.O. Box 480
Jefferson City 65101
(314) 751-2626

MONTANA

Supervisor, Transportation
Department:of Public

InstrtIctiOn
Helena 59801
(406) 449-;3167'

NEBRASKA

Transportation.Specialist
Department of EducatiT4
-233 South 10th Street
Lincoln 68508
(402) 471-2452

NEVADA

Education Building
Santa Fe 87503
(505). 827-2108

NEW YORK

Supervisor, School BuSiness
Department of. Education.
Albany 12230
(518) 471+-3384 ,

`fir ram

NORTH ARDIfIlA

Director--; Transportation
Board of Education.
Education Building
Aaleigh 27611
(919') 829.=3071

.

. NORTH DAKOTA

Office of Technical Assistande Director; School Transportation
Department of EduOatiOit
400 West King,
Carson City 89701
(702) .8.05-5700

NEW HAMPSHIRE

Department of Education
410 State House 'Annex
Concord 03301
(603) 271-2105

NEW JERSEY

Department of Public
Instruction

t Capitol Building
Bismarck 58505
(701) 224=2270

OHIO ,

Pupil Transportati4n
Depa-&ent of Education
811 State Office Building
Columbus 43215:::'
(614) 466-4230..'::-.

OKLAHOMA

Director, Pupil Transportation Transportat10$ection
'Fi.nance
2500 North Lincoln
Oklahoma City 73105
(405). 521-347.2 '

Department of Education
225 West State Street
Trenton 08625
(609). 292-8534
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OREGON TEXAS

. Pupil Transportation Services School Transportation
Department of Education Texas Education Agency
Salem 97310 llth & Brasot Street

' (503) 378-3578 ' Austin 78701
(512) 475-2631

4 '
PENNSYLVANIA

Pupil Transportation Division
Department of Transportation
Harrisburg 17123
(717) 787-6453

RHODE ISLAND

Driver & Satty Education
Providence 02908

SOUTH CAROLINA r.

Dir.ector, Transportation'
512 Rutledge Building.
Columbia 29201
(8p3) 758-2762

SOUTH ,DAKOTA

Director, Pupil Transportation Supervisor, Pupil

UTAH

Specialist,,Transportation
Department of Education
248 East.500 South
Salt Lake City 84111
(801) 533-5436

VERMONT

Education Field Services
Department. of Education
129 State Street
Montpelier 05602
(802) 828-3145

VIRGINIA

Supervisor, Pupil
Transportation

Board of Education
Richmond 23216

. (801),770-2619

WASHINGTON

KneipBuilding
Pierre 57501
{605) 22-4-3247'

TENNESSEE

Pupil Transportation
Department of Education
tordellHull Building
Nashville 37219
.(615) 741-2927

.Transportation
Superintendent of Public.

Instruction '

Olympia .98504 ' WIL

(206) 753-6786

WASHINGTON, D.C.

Transportation Offcicer.
D.C. Public Schools :

2115 5th Street, N.E.
Washington, D.C. 20002
(202) 576-6302

1
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WEST VIRGINIA

Director, School
TransPortation.

DepartmentofHEducation
1900 Washington Street
Charleston 25305 ..

(304) 348-2711

WISCONSIN

Administrator, Pupil
Transportation

Departtent of Pupil
Instruction

126 Langdon Street.-
Madison-53702
(608) 266-2853

4WYOMING

Coordinator, Pupil
Transportation

State Office Building West
. Department of Education

Cheyenne 82002
(307) 777-7293

IV

s.

CONSULT THE DIRECTOR
IN YOUR ST4TE

. TO OBTAIN INFORMATION
ABOUT:

FUEL CONSERVATION PROGRAMS.
ENERGY WORKSHOPS
RECORD MANAGEMENT SYSTEMS
ROUTING AND SCHEDULING PROGRAMS
ENERGY SAVING EQUIPMENT

THAT HAVE HELPgD SCHOOL DISTRICTS.
SAVE FUEL AND DOLLARS

USE AVAILABLE RESOUR
TO SAVE ENERGY



11.2 SOCIETIES, ASSOCIATIONS, AND INSTITUTES
OFFERING ENERGY'CONSERVATION INFORMATION

1. Air-6611ditioning and Refrigeration Institute,
.

Myer br., ArlingtOn,
. Virginia 22209:

. American Boiler .Manufacturers Association, 150.0 Wilson'
Blvd., Suite 31.7, Arlington, Virginia 22209.

3. American Co4sniting Engineers Council, 115 15th Street,
N.W. , Rm. 713, Washington, D.C. 20005.

AmenicAn G.as Associatic515 Wilson Blvd';., Arlington,
,Virg, nfa 22209.

5. 'Airiextican.Industrial Hygiene ASsociation, 210Raddon
Avg ;;; Westmont, NeW J6S-ey.08108:
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1815

American InstitUte ol'Architec5s,,1735 New York Ave.,
N.W., Washingtot, D.C. 20006. ,=t'

T. American Institute of Plan Engineers, 1021 DeltaAy6 ,

Cincinnati, Ohio 45208.

American National. Standards Institute, Inc. 11430
Broadway; New -York; New York 10018.

kherican Society of. Heating, Refrigeration, and AfT.:
Conditioning Engineers; Inc., 345 E. 47th St:, New Yoir
New York.10017.

10. American Society of Methani'Cal Engineers, 3145 E..47th
St., New York, New York 10017.

11. American Society-for Testing and Materials, 1916 Race
St.., Philadelphia, Pennsy1vania 19103.

12. Associated General Contradtors of-Ameria, 1957 E. St.
N.W., Washington,-D.C. 2.0006.

'13: Better Heating-Cooling Council, 35 Russo Pl.; Berkeley:
Heights, New Jersey 07922.

114. Building:Research Advisory Board, Nationa./.Research
Council, Ilational Academy of Sniences-National Academy,
of Engineering, 2101 Constitution Ave., Washington,
D.C. 20418%.

%-
15 Construction SpcfIcations 1150 Seventeenth

Suit300, Washington,D'.C. 20036.

16. EdisOn Electric Institute 90 Park Ave., N'ew York, New'
York 1001.6,

17. Gas...Appliance Manufacturers Asociaticrn Inc., 190.1 N.
Rt..Myer Dr.; Arlington,. Virginia 22209.

18. Heat Exchange Ins itute,.1224
York-1.0017.,

d'St.; New York, NeW
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19. illumknating Engineerini'Society-, 345 E. 47th St. New
York, New York 10017.

Institute of Electrical'&Electronics Engizieens, Inc.,
345 E. 47th St., New York,," New York 10017.

21.J InstrilMent Society of AmericaStadwix St., Pittsburgh,
Pennsylvailia.15222. .

22, Mechioni-41 Contractors Association 4f:Amlerica,
5530 WisconsiiiAve.:;'Suite 750, Wai-hington,,,D.C. 20015.

National Assogialoii for Pupil-Transportatioli Executive.
Secretary, PA.,- BOx.'14,,Fort Worth, Texai.

24y National Associtidn of..0ii,Heating, Service Managers-
Inc., 60 E. 42nd St.i New York, New York 10017--

25. National Association of Power :Engineers, Irici:;476 W.
Adams St., Suite 1411, Chicago, Illinois 60603.:

.- .

26. National Coal Ass6ciation, Coal Bldg., 1130 17th.-
N..W., Washington, D.C. 20036.

27. National Ele'ctr'ical Contractors. Association, 7315
Wisconsim:A.p4, Washington, D.C 20014.

28. Nation-61 Etetrical Manufacturers Association, 155 E.
44th-S't:, New York, New York 100'11-

.

29 Nattbfial Insulation Contractors ASSOCiatilon, 8630 Fenton
St.,"Suite 506, Silver Spring,-.MarYland 20910.

30. National LP-Gas Association, .79 W. Monroe St., Chicago,
Illinois 60603

31.- National Oil Fuel Institute, 42nd St., New
York, New York 10017.

32. National School Transport4,ion Association, ExecutiTv.e
Director, 4616 Lawn Court, Fairfax, Virginia 22030.

33. National Socdety,of Professignal Engineers, 2020 K. St.,
N.W., Washington, D.C.,*20006.'

34% Refrigeration Service Engineers Society, 2720 Des
Plaines Ave.,' Des Plaines, Illinois 60018,..x..

35. Society of Automotive Engineers, Inc., 40,(iGommolawealth.
Drii.e, Warrendale, Pa., 15096.

36. Society of American Val:tie Engi4eers(SAVE), 2550
Hargrave Dr..Smyrna, Georgia_30080-.

37. 'Standards Engineers Society, P.Q. Boi.7507,
Pennsylvania 19101.
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Heatimg Equipment , Manufacturers Assoc., c/o
Samuea J. 'Reid, Barnes "&. Jones, P.O.- Box
-Ne-wtonville ;Maryland' 02160..

39 "I'13.erma: Insulation Manufacturers Assoc.iatiOn,-I,n6'.., 7
, New YOrk

Underwritersi,Labdratories, In4., 333 Pfliagsten
Northbrook, Illinois 60062.e

CONTACT PROFESSI6NAL'ORGANIZATIONS
AND'IRADE ASSOCIATIONS FOR "INFORMATION

ABOUT ENERGY SAVING EQUIPMENT
.

A

4

UNDERSTAND WHAT CQNTRIBUTES TO FUEL ECONOMY

'A'LIST OF LOCAL SOURCES OF INFORMATION
PROVIDED BELOW FOR REFERENCE.

CONTACT THESE SOURCES FOR INFORMATION.
ALSO CONSULT WITH YOU,B PEERS.

14.3.LOCAL INFORMATION:SOURCES

2.

3.

5
6.

.c.hap-ters of .above mentioned
ions .-

C othmerc jai fleets.

Chamber. of Commerce.

Department- of Education..
. I

Public and eduational:.itnstitution libranies.

State. EhergY Office,.

T Gontract,Ors, manufacturers:, suppliers;professlonal
consultants, 'and o'ther.s--w:hom-y'ou work with on
reguar

;TAKE: ADVANTAG E. OFTH E IN FORMA2TIOW
SOURCES YOUR: COMMUNITY,

e
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0

G9VERNMENT SOURCES OF INFORMATION

-AR

11.4 U. S. GOVERNMENT SOURCES

WRITE THE PUBbIC INFORMATION OFFICE
' OF THE FOLLOWING U. S. GOVERNMENT

ORGANIZATIONS FOR`INFORMATION
ABOUT ENERGY CONSERVATION:

c

.1. cieliartment 01'9 Commerce, Office of Energy Programs, 114th
&.::ptstitution Ave. , Washington, D.C. 20230.

& Devalopm-eit Administration, 400 First
Street , N.TA.,, Washington, D.C. 205)45.:

3. Federal Energy 'Administration, Office of Energy
Conservation and E4.ifronment, 12th & Pennsylvania, N..W. ,
Washington, D.C. 2.64,6f.:-

4. Department of Transportation,-:400 Seventh Street, S.W. ,
s'Washi,gt on , D.0 . 20-590.

5. National Bureau of Standards, Office of Energy Conserva-
a... tion, Building 226, Rm. B114, Wa,shington, D.C. 20234.

6.' National Technical Information St.rvice U.S. Department
of Commerce, Springfield, Virginia 22161. -

7. Superintendent of Docuttents, U.S. Government Printing
Office, Washington,, D.C. 20402. .

44,

NOTE: THE ORGANIZATIONS SPECIFIED IN REFERENCES
NO. 2 AND NO. 3 ABOVE ARE NOW A PART

OF THE U.S, DEPARTMENT OF ENERGY.

..

YOU MAY ALSO WRITE TO:

SUPERINTENDENT OF DOCUMENTS -
U.S. GOVERNMENT PRINTING OFFICE
WASHINGTON. D.C. 20402

NATIONAL TECHNICAL INFORMATION SERVICE
5285 PORT ROYAL ROAD -

SPRINGFIELD, VA;22161 -
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